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1 Executive Summary

The Logistics Readiness Program supports the Air Force Research Laboratory, Human Effectiveness
Directorate, Warfighter Readiness Research Division, Logistics Readiness Branch (AFRL/HEAL)
through the conduct of logistics research studies that leverage the expertise of the academic community.
This research is the product of a collaborative project conducted by personnel at AFRL/HEAL and the
University of Arkansas. The AFRL/HEAL identified a need to have a strategically aligned performance
measurement system for flightline maintenance (MX) activities. This system must account for the entire
flightline MX process in order to improve the performance of aircraft scheduling and achievement of
mission objectives. The primary project activities were:

Identification of a strategically aligned performance measurement system

Research into that system’s development and implementation process

Investigation of current flightline MX processes

Production of associated de{'elopment guidelines

Validation of these guidelines through a case application |

* & & & o o

Investigation of software implementations

The review of the performance measurement literature resulted in the selection of the Kaplan and Norton
Balanced Scorecard (BSC) as the appropriate measurement system for the flightline MX process.
Production of the BSC development guidelines required in-depth analysis of the traditional BSC
development process and the current flightline MX process through documentation review and site visits.
The guidelines prescribe the process from selection of both a target organization and development team to

the classification of measures and families to the production of a viable BSC.

The BSC development guidelines were followed to construct a preliminary flightline MX BSC. This was
done to validate the development guidelines to ensure practical implementation. The resulting BSC was
validated through administration of a questionnaire to United States Air Force (USAF) logistics

personnel.

It was determined that a review of existing BSC software packages would benefit eventual

implementation of the BSC. A review of the three most prominent BSC software packages was conducted

based upon industry standards for such packages.




The scope of project is the flightline MX process. The flightline MX process is the inspection and service
process that takes place from the time an aircraft lands through all the activities necessary to recover the
aircraft and prepare it to successfully complete another mission. Thorough knowledge of this process was
required to determine the relevant performance measures, understand why the measures behave as they
do, and indicate reasons why these measures fall outside acceptable parameters. Maintenance leaders are
primarily concerned with knowing how well the unit is meeting mission requirements, improving
equipment performance, identifying support problems, and projecting current trends (AFLMA, 2001).

Maintenance performance is generally assessed using standards, goals, and maintenance plans.

Kaplan and Norton (1996) introduced the BSC in the early 1990s. The BSC was introduced in an attempt
to reconcile problems in traditional management strategie.s that overemphasize financial measures at the
expense of progress and growth. This performance management system allows organizations to clarify
their strategy and assure that every aspect of operations is directed toward the success of these goals
(Balanced Scorecard Basics, 2003). When considering important measures all at once, as suggested by the

BSC, management can detect whether one area is improving at the expense of another area (Kaplan and
Norton, 1996).

The BSC development process is one that requires thorough knowledge about internal operating
procedures and a comprehensive understanding of the system being studied. It was determined that
detailed guidelines for the BSC methodology would be valuable to facilitate the development of BSCs for
flightline MX personnel. These guidelines assure that every step is followed by dividing the BSC
development process into three stages, Groundwork, Design, and Finalization, each comprised of multiple
steps. The stages and steps of the BSC Development Guide are listed below:
¢ Groundwork Stage
* Team Selection
» Strategic Framework
e Mission Statement
e Core Values
e Vision Statement
= Data Collection
e Process Data
e Strategic Data

o Reference Materials




¢ Design Stage

Goal Development

Objectives Identification
Perspectives Determination
Performance Measure Identification

Measure to Family Assignment

¢ Finalization Stage

Measure Assignment to the BSC
Correlation Determination
Measure Finalization
Ownership Assignment
Scorecard Cascade

Review and Revise

A case study is presented that describes the process undertaken by our team to validate and exemplify the
BSC Development Guide through the development of a preliminary BSC for flightline MX activities
within an Aircraft Maintenance Unit (AMU). The preliminary BSC consists of the following four
perspectives and measures:

¢ Mission Perspective

Maintenance hours per flying hour
Mission-Capable (MC) rate

Partially Mission-Capable Maintenance (PMCM)
Sorties flown

Totally Not Mission-Capable Maintenance (TNMCM)

¢ Influencing Factors Perspective

Cannibalization (CANN) rate
Mission-Impaired Capability Awaiting Parts (MICAP) fill rates

Maintenance Scheduling Effectiveness

Totally Not Mission-Capable Supply (TNMCS)




¢ Management Perspective

Adherence to Operations (OPS)/Maintenance Squadron (MXS) schedule

Deferred Discrepancies (DD) rate Awaiting Maintenance (AWM)
» Total maintenance deviations

*  4-hour fix rate

*  8-hour fix rate

»  [2-hour fix rate

* Days in Phase/Isochronal Inspection (ISO)

¢ _ Internal Enhancement Perspective
* Cannot Duplicate (CND) rate
» Repeat-Recur (RR) rate
* Special Experience Identifiers
* Total abortrate
* Training schedule adherence
» Upgrade Training

» Unit average technical skill level

An anonymous questionnaire was developed to elicit the expertise of logistics personnel in ranking the
criticality of the measures on the preliminary BSC. The questionnaire was completed by attendees of the
2003 Logistics Officer Association (LOA) National Conference. Twenty-six viable questionnaires were
collected and analyzed. A count of the number of times each perspective and each measure within each
perspective was assigned a particular ranking was computed. The corresponding percentage represented

the number of times each perspective or measure was given that ranking out of the total number of
questionnaires.

The results indicate that the mission perspective is the most critical perspective with the management
perspective ranked as the next most critical. The respondents indicate that the least critical perspective is
internal enhancement perspective. Within the mission perspective, MC rate and PMCM are the most and
least critical measures respectively. The MICAP fill rate is ranked as the most critical measure within the
influencing factors perspective. Within the management perspective, the adherence to OPS/MXS
schedule is the most critical measure, and the least critical measures are DD rate AWM and 4-hour fix

rate. The CND rate, RR rate, upgrade training, and unit average technical skill level are the most critical

measures within the internal enhancement perspective.



In addition to the comprehensive results of the respondents as a whole, the results were categorized by
respondent job function level, specifically group-level maintenance supervision/staff and squadron-level
maintenance supervision/staff. The analysis was repeated for each group individually, allowing for
observation of how the two levels of job function may differ in their views of the criticality of the

perspectives or measures.

Three BSC software packages, ActiveStrategy Enterprise™, SPImpact, and pbviews, were reviewed to
evaluate their adherence to relevant industry standards. Relevant features range from network
compatibility to user ease and friendliness. It was observed that pbviews contains all the preferred

features.




2 Introduction

2.1 Project Description

The AFRL/HEAL identified a need to have a strategically aligned performance measurement system for
flightline MX activities. This performance measurement system must account for the entire flightline MX
process in order to improve the performance of aircraft scheduling and achievement of mission
objectives. It is known that successful achievement of mission objectives is the result of a coordinated
effort between multiple organizations and a variety of processes. These coordinated efforts require
proficient levels of preventive maintenance, degree of training and experience, quality and timeliness of
suppliers, and many other factors. Focusing on a single component of the flightline MX process to the

exclusion of other components can cause short-term benefits but long-term performance degradation and
failed objectives.

The primary project activities are:

Identification of a strategically aligned performance measurement system
Research into that system’s development and implementation process
Investigation of current flightline MX processes

Production of associated development guidelines

Validation of these guidelines through a case application -

* & & & o o

Investigation of software implementations

The review of the performance measurement literature resulted in the selection of the Kaplan and Norton
BSC as the appropriate measurement system for the flightline MX process. Further review of the BSC
literature included a sampling of the major works in this area. This review included the history of the BSC

and focused on the various components of the traditional corporate BSC and the possible adaptations to a

defense organization.

Production of the BSC development gﬁide]ines required in-depth analysis of the traditional BSC
development process and the current flightline MX processes through documentation review and site
visits. The guidelines prescribe the process from selection of both a target organization and development
team to the classification of measures and families to the production of a viable BSC. The methodology

contains a review and revision process to ensure that the resulting BSC stays current.



To the extent possible, the BSC development guidelines were used to develop a candidate flightline MX
BSC. This was done to validate the development guidelines to ensure practical implementation. The
resulting BSC was validated through administration of a questionnaire to USAF logistics personnel.
While strongly based upon feedback from USAF personnel, this BSC was predominately externally
developed. To be truly strategically aligned, a BSC must be developed by the target organization. The
BSC is a system that involves a great deal of direct knowledge about the system being monitored. There

is extremely valuable process information to be gained throughout the BSC development process.

It was determined that a review of existing BSC software packages would benefit eventual
implementation of the BSC. A review of the three most prominent BSC software packages was conducted

based upon the existing standards for such packages.

Three BSC software packages, ActiveStrategy Enterprise™, SPImpact, and pbviews, were reviewed to
evaluate their adherence to relevant industry standards. Relevant features range from network
compatibility to user ease and friendliness. It was observed that pbviews contains all of the preferred

features.

2.2 Objectives

The project’s overall goal is to formulate BSC development guidelines that will facilitate strategically
aligned performance measurement through the identification of mission-critical performance measures

that seek to improve the performance of aircraft scheduling and achievement of mission objectives.

The project objectives are to:

¢ Identify a strategically aligned performance measurement system, i.e. the BSC, through an in-depth
review of the relevant literature

¢ Investigate and develop realistic development guidelines through review of BSC literature, related
USAF documentation and site visits

¢ Validate the BSC development guidelines through a case applicaﬁon and practitioner assessment of
the resulting BSC

¢ Investigate BSC software packages to help facilitate successful implementation




3 Background

3.1 Flightline Maintenance Process

The project scope is the flightline MX process. The flightline MX process is the inspection and seﬁice
process that takes place from the time an aircraft lands through all the activities necessary to recover the
aircraft and prepare it to successfully complete another mission. The cyclical process is depicted in Figure
3.1 (Flightline Orientation Briefing, 2003). While each stage of the process is described briefly in this
section, the complete related documentation from the orientation briefing is located in Appendix 1.
Thorough knowledge of this process is required to determine the relevant performance measures,

understand why the measures behave as they do, and indicate reasons why these measures fall outside

acceptable parameters.

Aircraft Landing

Post-launch Parking and
Clean-up Recovery

N

Aircraft Servicing

/ Flightline \

Maintenance
- Pre-launch ’ Process Aircrew Debriefing
Inspection

\

Aircraft Mission
Preparation

Aircraft Launch

Unscheduled
Maintenance/
Repair (as needed)

. Preventive
A Schedu
© (as needed)

Figure 3.1: Flightline Maintenance Process




3.1.1 Aircraft Landing

The MX process begins when an aircraft returns from a mission. As the aircraft lands, the aircrew relays
system discrepancies to the flightline. This allows the flightline to be prepared for the discrepancies and

make repairs faster.

3.1.2 Parking and Recovery

The parking-and-recovery stage neutralizes the threat of munitions and fuel explosions through grounding
and stabilizes landing gear. The processes in this stage should be strictly monitored for safety standards

adherence. Performance measures used for this process should reflect an emphasis on safety.

3.1.3 Aircraft Servicing

Aircraft servicing actions include checking system fluids and refueling. This is another stage where safety
is paramount. Essential measures include training measures to ensure that training is up-to-date and the

most recent practices are adhered to.

3.1.4 Aircrew Debriefing

Aircrew maintenance debriefing is the communication between the aircrew and the MX crew. The
debriefing has a large impact on the quality of repairs completed by the MX crew. A complete debriefing
is an important factor for quality performance measures such as repeat recurrences. This process is aided

by the use of different codes for landing status, system capability, and deviations.

3.1.5 Unscheduled Maintenance/Repair

The success of the unscheduled MX and scheduled MX operations indicate the health of the supply chain

through the length of time to receive parts and the number of backorders on those parts.

3.1.6 Preventive Maintenance

Preventive MX operations can be good indicators of the ability of a MX unit to manage its schedule
efficiently. Operations such as Time Compliance Technical Orders (TCTO), Time Change Item (TCI)
replacements, and system calibrations further reduce wear on aircraft and increase a MX unit’s ability to

keep planes in the air.




3.1.7 Aircraft Scheduled for Next Mission

Aircraft scheduling for the next mission and aircraft mission preparation are essential for successful
mission completion. In this stage, aircraft are scheduled and prepared for various missions. Success in

these stages has a direct impact on the number of maintenance-chargeable deviations incurred.

3.1.8 Pre-launch Inspection

Pre launch inspection involves detailed MX and aircrew inspections including visual examination of the

aircraft and operationally checking certain systems and components.

3.1.9 Aircraft Launch

The aircraft launch requires the aircrew to start the engines, power up systems, and make final

adjustments in preparation for launch.

3.1.10 Post-launch Check-up

The last step in the process involves cleaning up the parking location.

3.2 Maintenance Performance Measurement

Maintenance leaders are primarily concerned with knowing how well the unit is meeting mission
requirements, improving equipment performance, identifying support problems, and projecting current
trends (AFLMA, 2001). It is pertinent that MX leaders review sortie production and MX performance
constantly and are knowledgeable about predictive MX indicators. Maintenance performance is generally
assessed using standards, goals and maintenance plans. The following performance measurement
questions were developed by the AFLMA (2001):

¢ Are operational requirements based upon realistic availability of equipment?

¢ What are the causes of flying schedule deviations?

Are particular aircraft, equipment, systems, or subsystems contributing to a disproportionate share of
deviations?

Does specific equipment fail to perform as scheduled or require more or less MX than normal?

Is there enough staff to meet mission needs?

Do higher rates of repeat/recur discrepancies indicate training or experience shortfalls?

Is there sufficient time to schedule and work MX problems?

¢ & & & o

What is the behavior of MX trends?
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There are two prominent types of performance indicators associated with maintenance: leading and
lagging. Leading indicators directly impact MX capability to provide resources to execute the mission by
measuring performance before a problem arises. Lagging indicators provide information after the problem

has occurred and can indicate firmly established trends.

3.2.1 Leading Indicators

Maintenance Scheduling Effectiveness (MSE) Rate - The number of maintenance actions started as
scheduled per total number of MX actions scheduled. MSE rate measures maintenance’s ability to plan

and complete inspections and scheduled MX.

DD Rate — DD rate depicts how well the unit is keeping up with required minor repairs. Deferred

discrepancies are minor MX actions that may be deferred until a more opportune time.

3.2.2 Lagging Indicators

Fully Mission-Capable (FMC) Rate - A low FMC rate may indicate a parts problem. This measure
should be compared with the monthly MC rate. Significant differences may indicate that aircraft are

flying partially inoperable.

TNMCS Rate - This rate is based upon the number of airframes out for parts; therefore, spare part
availability is critical for this measure. Maintenance can reduce this rate by limiting the number of
CANN:E.

3.3 Balanced Scorecard

Kaplan and Norton (1996) introduced the Balanced Scorecard (BSC) in the early 1990s. The BSC was
introduced in an attempt to reconcile problems in traditional management strategies. Traditional
management strategies overemphasized financial measures at the expense of progress and growth. This
overemphasis brought about short-term gains to the detriment of long-term success. The BSC is a
performance management system that allows organizations to clarify their strategy and assure that every
aspect of operations is directed toward the success of these goals (Balanced Scorecard Basics, 2003).
When considering important measures all at once, as suggested by the BSC, management can detect
whether one area is improving at the expense of another area (Kaplan and Norton, 1996). Kaplan and
Norton suggest the following analogy to better explain the purpose of the BSC. In a cockpit, a large and
complex amount of data is displayed very quickly and simply through the use of cockpit displays. These

display fuel level, airspeed, altitude, bearing, and destination. Focusing on just one instrument can be




fatal, just as focusing on one aspect of performance can be fatal to operational success. A BSC is designed

to display all pertinent performance information simultaneously.

Kaplan and Norton state that, in addition to the traditional financial performance measures, the BSC
incorporates non-financial measures that enable value creation for the organization (Kaplan and Norton,
1996). These measures have focused on managing intangible assets such as customer relationships, skills
and knowledge of the workforce, and the technology that supports the workers (Kaplan and Norton,
2001). A graphical representation of the BSC is depicted in Figure 3.2 (Kaplan and Norton, 1996).

Financial
How do/should we appear
to our shareholders?

Cuétomer r Internal Processes
How do we appear = Ll\llission/Strategy What are our most

to our customers? critical processes?

Growth
To achieve our goals,
what must we improve?

Figure 3.2: BSC Framework

The original four perspectives of the balanced scorecard (financial, customer, internal processes, and
learning and growth) are focused on the mission or strategic plan of an organization. In order for an

organization to achieve its goals, it is important that any performance measurement system be aligned

with and contributing to the overall mission of the organization.
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3.3.1 Financial Perspective

The financial perspective is the objective perspective and represents factors that contribute to successful
company cash flow and market share. Although financial measures may provide management with
numeric data concerning the company’s performance, these are lagging indicators of past events. Crandall
(2002) states that traditional performance measurement systems rely too heavily upon financial measures
and neglect issues such as quality and customer service. Tracking the performance of past events through
financial performance measures is important; however, non-financial measures that help create value

should also be considered.

3.3.2 Customer Perspective

The customer perspective is more closely related to the company’s mission statement than the widely
implemented financial measures. A large number of companies today have a mission statement that
focuses on customers (Kaplan and Norton, 1996). This perspective incorporates customer issues into the
company’s performance measurement system. Taking customer concerns into account is a critical aspect
of operating a business and should therefore be included in the company’s performance measurement

system.

3.3.3 Internal Business Perspective

The internal business perspective is concerned with measures such as timeliness of operations, actual vs.
planned activities, and issues with competition. This perspective is intended to measure what the company
is doing internally to address the needs and wants of the customer. The internal measures associated with
the BSC are derived from internal processes that have a significant impact on customer satisfaction.
Kaplan and Norton (2001) state that this perspective captures an organization’s activities. Achievement of
operational excellence through the improvement of internal processes and supply chain management are

activities that should be captured with this perspective (Kaplan and Norton, 2001).

3.3.4 Learning and Growth Perspective

The learning and growth perspective is the foundation for corporate strategy. This is the perspective
‘where management assesses their employee ability, technological status, and.corporate climate needed to
support a strategy (Kaplan and Norton, 2001). This perépective includes training employees and shaping
attitudes to promote self-improvement (Balanced'Scorecard Basics, 2003). It is important that the

organization has long-term goals and a strategy in place with targets to be achieved to promote growth.

13




4 BSC Development Guide

The BSC development process is one that requires thorough knowledge about internal operating
procedures and a comprehensive understanding of the system being studied. It was determined that
detailed guidelines for the BSC methodology would be valuable to facilitate the development of BSCs for
flightline MX personnel. These guidelines are designed for use by USAF personnel with little or no BSC
experience to develop scorecards for the flightline MX process. Adherence to the development guidelines
is pertinent for developing a strategically aligned BSC. The guidelines assure that every step is followed
by dividing the BSC development process into manageable stages. Figure 4.1 depicts the BSC
development process, which consists of the three primary Stages: Groundwork, Design and Finalization.

Each stage is comprised of multiple steps, which are detailed in the remainder of this section.
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4.1 Groundwork Stage

The groundwork stage is the foundation of a successful BSC project. By following the steps in this stage,
all the pertinent and necessary information needed for the scorecard will be available during construction.

A thorough groundwork stage will assure that key information is not overlooked. It will also assure that

the gathered information is organized in a logical manner.

4.1.1 Team Selection

The BSC should be undertaken by a team of stakeholders, not a single person. This allows for
brainstorming and group discussion. It also facilitates thorough review of report documents. The team
should be comprised of personnel from all involved functions and should represent the skill sets in the
organization. Inclusion of all stakeholders will facilitate acceptance and enthusiasm for BSC
implementation. The members of the BSC team will act as ambassadors for the BSC, accelerating its
acceptance and use (Niven, 2002). Each team member should be qualified to provide expert opinion about
his or her organizational function. An understanding of BSC concepts and its development process is

imperative for all team members. Skill in quantitative analysis must also be present among the team as

this is extremely useful during the finalization of measures.

While team size is ultimately up to the team leader, a standard BSC team has approximately seven
members. In general, more than seven members may create difficulties in coordinating group efforts; less
than seven may not bring enough viewpoints to the process. The team leader is responsible for
coordinating all team meetings and corresponding with superiors (Niven, 2002). Other members of the

team may be assigned specific duties as needed during the development process.

The goal for team member selection is to represent as many levels of the organization as possible. The
reasoning behind this goal is that a higher-level supervisor, such as a unit commander, understands
overall strategy and desired outcomes of the organization. In addition, there are many low-level aspects of

operations that are important to performance measurement. These are better understood by the persons

who work at this level every day.

4.1.2 Strategic Framework

Organizational strategy is the guiding factor behind the BSC. Organizational strategy is defined as a set of
long-term goals that, if successfully achieved, will revolutionize the way a unit operates. Without

strategic alignment or the integration of this organizational strategy into the BSC, a BSC is merely a
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collection of performance measures. Strategic planning and alignment to a given strategy should be the
top priority in any BSC venture. There is a large gap between having a good strategy and effectively
implementing it. The BSC provides a framework to transition from deciding to have a strategy and
actually using it (Niven, 2002). The next section discusses gathering a few basic strategic components.

Identification of an organization’s strategy will help determine the most relevant data to collect.

The process of strategic alignment begins at the top of the participating organization, regardless of its
scope or size. The unit commander and relevant subordinates must come together to determine what the
organizational strategy is and where opportunities for achievement of this strategy exist. This is a
complex process requiring time and effort. There is often disparity between the commander and other
members of the organization on how the organizational strategy is to be implemented. In many cases, a
documented strategy does not exist. In this case, a sound organizational strategy must be developed. The
essential strategic elements for a successful BSC are mission, core values? and a vision statement (Niven,
2002). If these strategic elements are already in existence and are approved by the team, they can be
integrated into the framework. Otherwise, these elements must be developed as described in Sections

4.1.2.1 through 4.1.2.3.

4.1.2.1 Mission Statement

Mission statements have been adopted by almost every organization in existence. They are used to
communicate fundamental beliefs and identify target goals (Kaplan and Norton, 1996). A mission
statement should be motivating and inspiring. An effective mission statement is not something that
changes every year but lasts for many years as a foundation for the organization. A mission statement
should be easily understood and communicated down to the lowest level of the organization (Niven,
2002). An example mission statement is that of the USAF: “To defend the United States through control

and exploitation of air and space.”

4.1.2.2 Core Values

Niven holds that “values are the timeless principles that guide an organization” (Niven, 2002). These
principles are deeply held beliefs that exist Within the organization and are demonstrated through the day-
to-day behaviors of all employees. These values set the tone for an organization by telling each member
of the unit how to accomplish his or her mission. For example, the core values of the USAF are:

4 Integrity ~ Do the job right the first time

4 Service — Mission accomplishment over personal gain

¢ Excellence — Put forth the best possible effort all the time
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4.1.2.3 Vision Statement

A vision statement is a snapshot of the future. An excellent example of a vision statement is the USAF’s
“Global Vigilance, Reach, and Power: Vision 2020” (Vision 2020, 2000). It contains multiple long-term
goals that can take anywhere from several years to a few decades to achieve. Many of the long-term goals
from a vision statement can help to define the characteristics of the BSC perspectives. It is important to
avoid vague catchwords and phrases. The use of very technical words is also discouraged since all
stakeholders may not be familiar with such language. It should be clear to all stakeholders, not just the

upper command, where the organization is going and exactly how they plan to get there (Brown, 1996).

4.1.3 Data Collection

Data collection is an essential step in the BSC development process. The following subsections describe
the key types of data and data collection activities. The development of a BSC generates large amounts of
data. This data must be organized and stored in a logical manner to prevent contamination or loss of
pertinent information. One team member should be delegated the responsibility of organizing the data and
keeping it up-to-date by maintaining the latest version of all relevant documentation. Master copies of all

reference materials should be accessible in a secure, central location. This protects the data and provides

ready access to team members.

4.1.3.1 Process Data

The first step in data collection is to collect data on the processes that are to be monitored by the BSC.
Details on process data collection are as follows:

¢ Determine exactly what each process is and locate any existing documentation about the process
¢ Determine the chain of command for the process

¢ Document the current process as it occurs in the organization

4

Compare and contrast the existing and team-developed documentation about the current process.

4.1.3.2 Strategic Data

The next step is collecting strategic planning data from the highest-level command. This data collection
does not exclusively involve the highest-level commander, but all those involved in strategic planning or
leadership of the unit. This information is essential for the strategic planning portion of BSC
development. Specifically, it will help determine what measures should be monitored and how they

should be linked throughout the scorecard. This data should be gathered in personal interviews with the
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commander and others involved in the strategic planning process. The following are pertinent questions to
have answered (Niven, 2002):

What is your interpretation of the Mission Statement, Core Values, and Vision Statement?

Who are your customers?

What key strategies will help to achieve your vision?

How can these strategies be achieved?

What measures or data do you track to monitor success?

What targets do you use for these measures?

* & & & > o o

What related reports do you find most useful?

4.1.3.3 Reference Materials

Reference materials are published documents that contain information on processes and their performance

measurement. Reference materials also include information pertaining to the BSC and its application.

These materials assist in identifying measures and perspectives for the scorecard and indicate the relative

importance of measures or processes. It is essential to gather materials from as many different sources as

possible. Following is a sample of potential sources:

¢ Published manuals and training guides — These documents provide information on what
performance-related information the unit already monitors. Manuals are an excellent information
source for potential BSC measures and instruction on how they should be monitored.

¢ Health of Fleet (HOF) Reports — HOF reports are a source for many measures that are already
tracked and reported. Since these measures are already in operation, it is much easier to integrate
these measures into a BSC.

¢ 9302 Reports — Since performance measurement of the measures on the 9302 reports are required by
Air Combat Command (ACC), these measures are considered vitally important. |

¢ Public Literature — Published research provides information on the BSC and its development and
implementation. |

¢ Performance Documents — Any documents other than those named above that-contain relevan.t
performance measures should be used.

¢ Expert interviews — Personnel with a high level of experience in their unit or career track can often

suggest additional important measures other than those currently being monitored.
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4.2 Design Stage

The design stage begins with structuring the strategic elements of the organization and progresses through

performance measure identification and construction of the basic BSC framework.

4.2.1 Goal Development

Strategié planning informs everyone in an organization where he or she is going and how to get there.
Effective development of a strategy was outlined in Section 4.1.2. The conversion of this strategy into
goals is the topic of this section. The overall strategy must be broken down into long-term goals. These
are goals that can revolutionize the way an organization operates by taking them from their current state
to envisioned future success. These goals should be future-focused with a time frame ranging between
five to 20 years. Milestones should be identified to divide the long-term goals into shorter time buckets.
Milestones are subdivisions of a goal that are used to check progress toward achievement of the goal.
These long-term goals can then be transformed into performance measures later in the BSC development

process. Each goal must have a specific target that is either numerical or descriptive. These targets are the
projected optimal result for each goal.

Brown (1996) identifies five common problems associated with setting goals, as listed below. All

pertinent goals should be reviewed to verify that they do not contain any of these flaws.

¢ Goals that are really projects, activities, or strategies — The best way to avoid this is to ensure that

each goal has at least one measure in the scorecard.

¢ Goals that are solely based upon past performance — Many organizations simply add five or ten

percent to last year’s goal without justification.

¢ Arbitrary stretch goals — Developing a goal without good reason or randomly selecting a competitor’s
goal should be avoided.

¢ Inconsistent short-term and long-term goals — All short-term goals should be components of some

long-term goal.

Inconsistencies in goals at different levels of the organization — Every goal should cascade down from
a higher goal.

4.2.2 Objectives ldentification

Identifying objectives is a translation of strategy and long-term goals into specific timelines and events.

Each long-term goal has a realistic target, and milestones have been identified as a portion of that target.
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These goals and targets will be placed as measures in the objective perspective to show success in

strategic objectives.

4.2.3 Perspectives Determination

As previbusly discussed in Section 3.3, the original Kaplan and Norton (1996) BSC suggested four
perspectives: '

+ Financial Perspective

¢ Customer Perspective

¢ Internal Business Process Perspective

*

Learning and Growth Perspective

Kaplan and Norton recognize these four persﬁectives “should be considered a template, not a straight
jacket.” Their perspectives are intended to portray the essential elements that can lead to success in a
typical organization (Kaplan and Norton, 1996). Although four is standard, there is no set rule for
determining the number of perspectives in a scorecard. While fewer than four is uncommon, there are
many instances of more than four. If there are more than four key elements that give a competitive edge
or portray key competencies, these should all be included as perspectives; however, care should be taken
when adding perspectives, because too many perspectives can lead to scorecards with large numbers of
stand-alone perspectives that are unrelated to each other. Niven (2002) suggests that the true test of
perspectives is whether they can be intertwined to tell a coherent story. As shown in F. igure 4.2. below,
success in any one perspective can be linked to success in the others. Improvements in lower perspectives
lead to good results in higher perspectives, which then lead to realization of the vision (Niven, 2002). This

linkage is further discussed in Section 4.3.2.
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Vision and Strategy

FINANCIAL PERSPECTIVE
How will successful
mission completion ™
appear to superiors?

MANAGEMENT PERSPECTIVE
To accomplish the mission
objectives, what must be done for
customers or superiors?

INTERNAL ENHANCEMENT
PERSPECTIVE

In what internal areas must -

excellence by achieved?

INFLUENCING FACTORS
, PERSPECTIVE
’ ’ What outside factors affect the
completion of mission objectives?

Figure 4.2: Perspective Linkage
(Adapted from Kaplan and Norton, 1996)

4.2.4 Performance Measure ldentification

At this point in the development process, there is a success strategy mapped out, and objectives for
success have been determined. Using these objectives, the BSC perspectives have been identified. The
next step is to determine possible measures for inclusion in the BSC. Using the materials gathered during
the groundwork stage, all relevant performance measures should be identified and listed. Each document

should be thoroughly reviewed and all identified measures should be compiled. Equations or formulae

used to calculate the measures should be included along with any targets for each measure. This list
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serves as a pool from which to draw the key measures for the performance objectives. This list is not yet
the master list of measures; this is the list of measures that are currently being tracked. During the
development of the performance objectives, it may become apparent that additional measures that are not
currently tracked are needed to track the BSC objectives. These new measures will become more apparent
as the project progresses and should be listed separately as they are identified. Along with all measures
listed, it is useful to have a set of parameters such as: maximum, minimum, optimal, and benchmark (how
other similar organizations perform). Data without goals or comparisons are meaningless (Brown, 1996). .
For example, knowing that the phase average for a B-52 wing is 215 hours is not useful information
unless it is known that the phase average should be approximately 150 hours. The comparison data is

what indicates the actual performance of a measure.

4.2.5 Measure to Family Assignment

After the list of measures is compiléd, a logical organization needs to take place. The measures are
assigned to families based upon similar characteristics and/or applications. An example of a measure and
its family is “sorties flown” and the “Productivity Family.” “Sorties flown” measures productivity when
used in the context of a maintenance unit; therefore, it is assigned to the family of productivity-related
measures. Assigning measures to families is an initial starting point to the construction of the BSC. Once
families are created, they are assigned to perspectives in the BSC. It is importanf to note that each family
should be included in only one perspective; however, one perspective can be comprised of more than one
family. This facilitates a smooth process for adding measures to the scorecard. If a productivity measure
is required, it can be drawn from the Productivity Family. If a measure becomes too expensive or

cumbersome to measure, it can be replaced by another similar measure from the same family.

4.3 Finalization Stage

The finalization stage is the continuous improvement stage of the development process. This cyclical
stage includes assignment and reassignment of measures to the BSC based upon their pertinence to the
ever-changing activities and current strategies of the organization. This stage continues over the life cycle

of the BSC.

4.3.1 Measure Assignment to the BSC

An exhaustive list of currently tracked performance measures and candidate new measures now exist. The
next step is to select measures from this list for inclusion in the BSC. In the measure selection process, it
is important to note that a single person or scorecard should monitor no more than 20 measures (Brown,

1996). If necessary, measures can be combined into aggregate measures. Aggregation of measures is
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discussed in Section 4.3.5. When selecting measures, the most important factor is to ensure that each

chosen measure reflects the strategies developed earlier in the process.

Caplice and Sheffi (1994) provide eight evaluation criteria that can be used to pare down the exhaustive
list of measures into the measures that will eventually be included in the BSC. These eight criteria are

listed and defined in Table 4. 1. Trade-offs exist between these criteria and will need to be evaluated based

upon organizational priorities.

Table 4.1: Eight Criteria Measures

Criterion ' Description

Validity

The measure accurately captures the events and activities being measured
and controls for any exogenous factors

Robustness The measure is interpreted similarly by the users, is comparable across time,
location, and organizations, and is repeatable.

Usefulness The measure is readily understandable by the decision maker and provides a
guide for action to be taken.

Integration The measure includes all relevant aspects of the process and promotes
coordination across functions and divisions.

Economy The benefits of using the measure outweigh the costs of collection, analysis,
and reporting.

Compatibility The measure is compatible with the existing information, material, cash flows
and systems in the organization.

Level of Detail The measure provides a sufficient degree of granularity or aggregation for the

user.

Behavioral Soundness | The measure minimizes incentives for counter-productive acts or game
playing and is presented in useful form.

Specific examples of criteria trade-offs are discussed next. A measure that is behaviorally sound may be
very uneconomic. That is, the measure may prevent cheating the system very well, but the cost of the
required supervision is prohibitively expensive. Another possible trade-off exists between the criteria
usefulness and level of detail. A measure that is readily understandable may be so watefed down that it is
a poor reflection of what is actually going on and therefore useless. One method for making priority trade-
offs between these criteria is the use of a weighting system. Each criterion is assigned a priority weight

with the sum of all the weights normalized to 100 percent. Each measure is then assigned a weight
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corresponding to its value/importance to each criterion. The weighted sum of each measure is calculated
and the measures with the highest ratings are selected. This provides an efficient, quantitative method for
deciding between similar measures; however, this should not be the only selection criterion. Team

- expertise and opinion on strategic prioritization should be employed when deciding between measures.

4.3.2 Correlation Determination

This can be the most challenging step in the development of an effective BSC. A scorecard without
strategic linkages is simply a group of unrelated performance measures. The key is to determine how the
strategy relates to each perspective in the BSC. Determining correlations, for example, the way in which
each perspective contributes to the success of the overall strategy, begins with the objective perspective.
This perspective contains the strategic goals for an organization, and all improvements elsewhere in the
BSC should positively affect it. The correlation process works through each perspective, showing how

each perspective relates to the objective perspective. Next is an example to exemplify this process.

The correlation process deals with building linkages from the other perspectives into the objective
perspective. The objective perspective contains measures that directly reflect the accomplishment of
objectives identified in Section 4.2.2. With the introduction of measures into each perspective of the BSC,
the following analysis should take place. First, the questions listed in Section 4.3.1 should be asked about
each measure included in the perspective. Subsequently, relationships between success in this measure
and success in other measures already in the BSC should be sought. This relationship can be between the
new measure and a measure in the objective perspective, or it can be between the new measure and a
measure elsewhere in the BSC that has already been linked to the objective perspective. If no linkages can
be identified, the measure‘is either a diagnostip measure or has no reason to be on the scorecard. For more

information on distinguishing between diagnostic and strategic measures, see Section 4.3.3.

After determining how the strategy is reflected in the‘measures, a hypothesis should be made about their
correlation. The hypothesis is a prediction of how improvements in each perspective will lead to an
improved bottom line in the objective perspective. As a hypothetical example, an increase in “departure
reliability” in the “Management Perspective” of ten percent may have a positive impact on “sorties
flown” in the objective perspective of three sorties more per month. Each hypothesis should be tested and
revised to give a more accurate correlation as needed. During the infancy of the ‘scorecard, the testing and
revision should occur frequently, possibly every quarter. As the BSC matures. testing and re‘visinn may

occur once a year or less. Occasionally, the hypothesis turns out to be false and the hypothesized
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correlation does not exist. Upon determining that a hypothesis is false, it should be eliminated and

replaced with a new strategically aligned hypothesis.

As a hypothetical example, a strategic correlation related to the goal of increasing air superiority is
discussed next and shown in Figure 4.3.

Air Superiority Strategy
Increase »| Departure »| Repeat 3| CANN
Sorties Reliability Recurrence Rated

Figure 4.3: Hypothetical Strategic Correlation

Suppose the strategy for air superiority is an increase in sortie generation of ten percent over the next five
years. “Sorties flown” is chosen as the measure to describe this goal. “Sorties flown” is located in the
objective perspective and is directly affected by “departure reliability” in the “Management Perspective.”
It is hypothesized that an increase in “departure reliability” will directly affect sortie generation. In order
to increase “departure reliability,” “repeat recurrences” must be reduced. As the cannibalization of parts
reduces mission capable planes and increases wear and tear on parts, it could have an adverse effect on
“repeat recurrences”; therefore, a reduction of the “CANN rate” will help achieve fewer “repeat
recurrences.” It must be recognized that this is a completely hypothetical example, created to illustrate the
process of forming strategic correlations. It is important to note that each of the amounts hypothesized

should be based upon the principles of effective goal forming given in Section 4.2.1.

4.3.3 Measure Finalization

The pared-down measures can now be assigned to the actual scorecard. These measures were selected
based upon their strategic linkage in the scorecard and accurately depict the strategy of the organization.
At the conclusion of an initial BSC development, there may be gaps in the correlation where the
correlation does not continue all the way through the scorecard. 1he gaps in the correlation indicate where
strategic planning needs to include other aspects, such as internal enhancement or influencing factors. The

BSC bridges the strategic gap between organizational success and the factors that influence it. After any
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gaps in the correlation are filled, there may be other measures that still need to be added. These are called
diagnostic measures, which are not linked to strategy but are still important. These measures describe key
operating statuses. The scorecard can be analogically compared to a car dashboard. The speedometer,
odometer, and tachometer are strategic measures. The diagnostic measures are the low-gas light, engine-
maintenance light, and the low-oil pressure light. Diagnostic measures help to identify problems before

they become serious.

4.3.4 Ownership Assignment

This is an essential step in BSC development. Each measure must have an owner who is responsible for
tracking the measure. The owner has the responsibility to provide thorough documentation describing the
measure, provide reasoning for past performance, and supply other information that will help others to
interpret and assess the measure. Although a measure may appear on multiple scorecards, there is never

more than one owner. The use of multiple scorecards is discussed in the following section.

4.3.5 Scorecard Cascade

In general, the first BSC developed in any organization is a high-level BSC. After a high-level BSC has
been created, it should be cascaded. Cascading is a form of subdivision of measures. The measures on a
high-level scorecard are often comprised of other lower-level measures or aggregates. Cascading is the
structuring of these lower-level measures into lower-level scorecards. As previously noted, each person
should only have twenty or fewer measures to monitor. The common practice in cascading a scorecard is
to have each manager create a scorecard tailored to his or her responsibilities. Their scorecards contain
measures that aggregate into the measures on the higher-level scorecard. An example of aggregate
measures would be wing “sorties flown,” which is comprised of the “sorties flown” in each squadron. A
hypothetical example of a cascaded scorecard would be each squadron’s measure of “sorties flown” feeds
into the aggregate measure of “sorties flown” on the wing scorecard. The lower-level scorecards will
focus on unit-specific responsibilities. The measures on a high-level scorecard are generally very abstract
while the measures on the lower-level scorecards become increasingly more concrete. When cascading
scorecards, it is important to put only the measures necessary to the person or unit who uses the scorecard.
A scorecard for the flightline will not contain measures that pertain to munitions; however, the higher-

level scorecard over both these units will contain measures from both flightline and munitions.

4.3.6 Review and Revise

Periodically, a BSC must be revised and updated. This review and revision should take place frequently

during the infancy of the BSC. In the beginning, reviews should take place every quarter and continue
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until the hypotheses made in Section 4.3.2 have been validated. As the BSC matures, reviews can be
conducted annually or as strategic planning requires. Basic revisions can take place at any time. These can
include cascading down additional scorecards when new units are added or feorganized. Strategic reviews
should occur on the completion dates of milestones or after any change in organizational strategy. At this

time, major changes can be made to the scorecard, such as strategy changes, using different measures, or
changing targets for measures.
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5 BSC Field Study

Section 4: BSC Development Guide provides comprehensive guidelines for developing a BSC. In this
section, a case study is presented that describes the process undertaken by our team to validate and
exemplify the BSC Development Guide. The team developed a preliminary BSC for flightline MX
activities within an AMU. For each step of the BSC Deveiopment Guide, this section provides an

explanation of the work performed by the team and description of how the USAF contributed.

5.1 Groundwork Stage

5.1.1 Team Selection

As was noted in Section 4.1.1, a team must be assembled to develop a BSC. The BSC team is typically
made up of multiple members of a unit who are intricately involved in the development process. Since
this is an external project, the team was created in a unique manner. The team was organized according to
the expertise of University of Arkansas faculty and student research assistants. Because of the external
nature of the project, USAF personnel from the AFRL, Hill Air Force Base (AFB), and Barksdale AFB

collaborated with the team throughout the project.

5.1.2 Strategic Framework

Formulating a strategy is essential to providing the overall goals and objectives that are linked to the
BSC. The team investigated the important goals of the AMU through site visits, personal interviews, and
review of USAF documentation. The collected information shaped a strategy for the BSC. The developed
strategy is only intended to validate the correlation process for the preliminary scorecard. Using the
knowledge gained throughout the data collection process, the team formed and utilized the following
statement as the overall strategy for our preliminary BSC: “The strategy of a typical AMU is to work

toward improvement of combat capability by meeting key maintenance performance indicators.”

5.1.3 Data Collection

Data collection is at the heart of a successful BSC. Without pertinent and accurate data about the process
being studied, the exhaustive list of possible measures cannot be correctly formulated. In producing the
preliminary BSC, the team gathered multiple sources of information. The team started by analyzing the
initial problem statement and developing questions about the scope of the project. 'The team needed
complete knowledge of how a BSC was formulated and implemented. An extensive literature search was

conducted on documentation about the BSC approach and applications of this approach within industry.
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This literature was important because it helped further explain the necessary methodology for building a
BSC and organize the team’s thoughts on how to apply the BSC specifically to the USAF. Also, in order
to best develop the BSC Development Guide, the team needed a vast amount of information about the
AMU. The information provided by the USAF included specific sources for measures and their targets
and a general overview of the command hierarchy within the USAF MX organization. This information

was provided through multip]é sources discussed in the following sections.

As discussed in Section 4. 1.3, organizing collected data is vital to the development process. To maintain

the integrity and security of the collected information, all documents were kept in a secure location with

immediate access by team members.

5.1.3.1 Process Data

As stated in Section 4.1.3.1, process data is used to describe what actually occurs during the process for
which the BSC is being developed. Gathering process data includes:

1. Identifying the processes within the system

2 .Collecting any documentation about the current processes

3. Determining the chain of command for each process
4

Documenting the processes

Members of the AFRL team visited the University of Arkansas campus to conduct a brief tutorial of high-
level Air Force operations. From this tutorial, the need for the team to see and collect information
concerning the flightline process was confirmed. The team visited Hill AFB in Ogden, Utah to collect
information concerning the USAF general flightline operations. The team was able to observe the entire
flightline process from the aircraft launch through all the processes undertaken after its landing to prepare
it for another launch. The team conducted briefings with individuals concerning supply, scheduling, and
maintenance. From this visit, the team took away a better understanding of the overall process-and began

identifying key measures used by the USAF for measuring performance of the flightline MX activities.

During the visit, the team identified documents that could be helpful in identifying performance measures.
The combination of site visit notes and USAF documents helped the team begin building an exhaustive

list of performance measures. At this point, the majority of the process data had been collected and the

team was ready to collect the strategic data.
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5.1.3.2 Strategic Data

Strategic data is information that can be used to explain the mission statement, vision statement, and core
values of an AMU and their daily implementation. This strategic information is imperative to the
formulation of the BSC. The analysis of the process data collected from the first site visit allowed the
team to focus the project’s scope and pointed ou‘t the need for strategic data. Process data provided
information about the current performance measures in use but not the strategy that the USAF uses to
govern these measures. The team understood the basics of the flightline but needed to understand more
about the strategic focus of an AMU. A second site visit was scheduled to Barksdale AFB in Bossier City,
Louisiana. The main focus of the Barksdale visit was to answer questions concerning the strategic
approach of the AMU. Such questions included:

¢ Who the customers for the preliminary BSC are

¢ What reports are being used to measure performance that the team might not already have

¢ What are the most important measures used to assess performance

The team conducted interviews with USAF personnel including the MX Group Commander, the MX
Squadron Comlﬁander, the MX Squadron Chief Enlisted Manager, and the AMU Production Supervisor
(Pro Super). The team’s investigation of the strategic approach sought the process improvements that
would lead to long-term improvements in specific areas such as the “mission-capable rate” and the total
number of “sorties flown.” An example of improvements noticed by the team included how an increase
in supply chain reliability would lead to a decreése in the frequency of cannibalization actions and a
decrease in the MICAP start-to-stop time durations. The team noted that the key customers for the team’s
preliminary BSC are the operations group, individual aircrews, and USAF higher command. The team
was introduced to the 9302 report and presentations during the weekly planning meetings. From this
information, the team discovered new possible measures and solidified the importance of others. Some of
the measures that stood out from the 9302 forms were the “CANN rate,” “maintenance hours per flying
hour,” “PMCM” and “TNMCM.” AFRL personnel provided additional assistance by arranging the site

visit, serving as base guides during the visit, and answering post-visit questions.

5.1.3.3 Reference Materials

As stated in Section 4.1.3.3, reference materials are published documents that contain information on
relevant processes and their performance measurement. The team used documentation proVided by the
Air Force to enhance the understanding of the operations under observation. The reference materials
provided by the Air Force included training and instruction guides (ACCI 21-165, 2000; ACCI 21-118,
2002; AF121-101 ACCSUP1-INT, 2003; AFI 36-2201v3, 2002; AFI 36-2232, 1999; HOF reports, 2003;

ki
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9302 forms, 2002), and the Metrics Handbook for Maintenance Leaders (AFLMA, 2001) to collect
process and strategic data. Because the team relied upon the USAF for the majority of the information

about its operations, reference materials were collected along with other data throughout the duration of
the project.

5.2 Design Stage

5.2.1 Goal Development

In Section 4.2.1, goal development is described as the process of turning a devéloped strategy into
attainable long-term goals. This stage is invaluable during the process of developing a working BSC.
Because of the external nature of this project, the in-depth knowledge required to formulate long-term
goals for the AMU was not available; thus, the team developed these goals based upon assumptions made
about the strategy of an AMU. The main goals identified by the team wete “to increase the total number

of sorties flown in a given period of time” and “to increase the mission-capable rate.”

5.2.2 Objective ldentification

Objective identification is described in Section 4.2.2 as the conversion of strategies and long-term goals
into specific timelines and events. For the team, this process consisted of recognizing some of the
measures that should be included in the objective perspective, because this is the perspective that drives
the BSC. From the strategy developed in Section 5.1.2 above, the team was able to identify a few key

measures to be placed in the objective perspective such as “sorties flown,” “mission-capable rate,” and

“maintenance hours per flying hour.”

5.2.3 Perspectives Determination

The perspectives are critical components of a functional BSC. Perspectives provide a central theme for
each group of key measures incorporated into the BSC. The underlying strategy should be evident
throughout the selection of perspectives. The research team used the information gathered through site
visits and USAF documentation to determine the core competencies that drive success for an AMU.
These core competencies led the team to inspect how the original business perspectives developed by
Kaplan and Norton (1996) could be adapted to the AMU’s structure. The team identified the following

four perspectives that were inline with the identified strategy and goals of an AMU and stayed true to the
BSC devclopment process:
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Mission Perspective
Management Perspective

Internal Enhancement Perspective

* & o o

Influencing Factors Perspective

The original BSC (Kaplan and Norton, 1996) was built around the objective perspective. All
improvements should have a positive impact on some aspect of this perspective. Taking this into account,
the research team determined that this perspective should reflect the completion of the prime objectives of
the AMU: increasing the ability to successfully accomplish missions and the ability to deploy as rapidly
as possible. This resulted in the development of the Mission Perspective. The Mission Perspective reflects
the productivity of a unit by measuring factors such as:
¢ How many units are flown in a given period

How many planes are ready to fly at a given time
¢ How efficiently a unit uses its time when compared to its productivity
All other perspectives should in some way improve this perspective. If they fail to do this, they should

either be represented in the Mission Perspective, or they are not worthy enough to include in the BSC.

The BSC perspectives can and should be used to represent major stakeholders. One of the major
stakeholders of the original BSC is the customer. The customer-related measures are used to measure
market share, customer retention, customer acquisition, customer satisfaction, and customer profitability.
The “customer” is not necessarily the best indicator for the USAF to use. The major stakeholders in the
place of outside customers are the management command. It is the perception of the higher command that
is important. Many of the measures they observe deal with efﬁciéncy in operating within pre-set standards
or schedules. This perspective also reflects the quality of work done. As stated above, each perspective
must improve aspects of the Mission Perspective. The Management Perspective indicates the timeliness

of work in the Mission Perspective.

Other major stakeholders in the USAF are supply and scheduling personnel. Effective Supply and
scheduling encompass a vital part of increasing the USAF’s ability to accomplish its mission successfully.
Supply is an aspect of operations that has a direct impact on success, but is, however, typically out of the
unit’s direct control. Scheduling is similar to supply in that it is not under the control of the AMU. It was
observed that while measures in this perspective can be very informative, they should be considered with
care. They must not be given undue weight. For this reason, the team developed the Influencing Factors

Perspective to include these stakeholders.
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Learning and growth are two of the greatest assets of the BSC. Through them, internal investments in
training, capital investments in equipment, and building of infrastructure can be linked to financial gains.
The Internal Enhancement Perspective is similar to this in that it reflects investments into training and
internal quality. Many times it can link indirectly into Mission Perspective through the Management
Perspective by increased adherence to or exceeding of pre-set standards. It can also link directly into the

Mission Perspective through increased capability and capacity.

The four perspectives developed by the research team—Mission Perspective, Management Perspective,

~ Internal Enhancement Perspective, and Influencing Factors Perspective—should be considered a starting
point to developing a BSC for an AMU. These perspectives should be carefully reviewed to assist in
developing perspectives for BSCs for use in an actual AMU. The most important aspect of a BSC is the

actual development process. Success comes through identifying the key stakeholders and competencies
and then exploiting them.

5.2.4 Performance Measure ldentification

The final measures included in a BSC are a collection of a specific entity’s most important and relevant
performance measures. The measures included in the final BSC are chosen through an extensive process.
The first step in identifying the measures is to list all possible measures available for examination, and

also identify new potential measures. From this now-exhaustive list, the selection process can begin.

The team used the collected documentation and external interviews to identify a comprehensive list of
performance measures. The team primarily used three resources to identify these measures: the 9302
forms (2002), the HOF reports (2003), and the Metrics Handbook for Maintenance Leaders (AFLMA,
2001). Additional measures were identified by a team member in an interview with a retired USAF
General. The team sought additional measures to contribute to the Internal Enhancement Perspective.
Most of the measures collected from documentation appeared to fit well within the other three
perspectives, but measures for the Internal Enhancement Perspective were more difficult to identify.
Some of the measures identified for this perspective include Equal Employment Opportunity (EEO)

complaints, Inspector General (JG) complaints, and Special Experience Identifiers.

Each listed performance measure was identified by the team ag a meacnre nsed hy the 1ISAF ta gange an

AMU’s execution of flightline activities. The comprehensive list created by the team includes the name of
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the measure and which, if any, of the three predominately used resources the measure came from. The

exhaustive list of performance measures is provided in Appendix 2.

5.2.5 Measure to Family Assignment

Once all measures are compiled, families are established and measures are assigned to a specific family.
Families are used to organize the list of identified measures into groups based upon the characteristics or
objectives of each measure. The team reviewed the exhaustive list of performance measures and assessed
the similarities among the measures. The similarities that surfaced became the basis of the created

families. The family names and a description of each family are discussed in Table 5.1.

Table 5.1: BSC Family Descriptions

Productivity | These are all bottom-line measures that show how well a unit is accomplishing its
mission by quantity and quality of its deliverables.

Supply These are all outside supply measures. These are indirect factors that must be
controlled in order to accomplish mission objectives.

Timeliness These are measures that reflect how well a unit is accomplishing its tasks on time. lts
measures also reflect how well a unit completes repairs compared to the average
time required for these repairs USAF-wide.

Excellence These measures reflect the quality of work accomplished by a unit.

Growth These are measures that reflect the morale of a unit. They also reflect the behavior of
its members and show their efforts toward self-improvement.

Scheduling These are additional measures that show outside influences on an AMU'’s work. They
show how well an AMU complies with the flight schedules and what might be outside
their control.

Each measure was then assigned to a family based upon its association with the most appropriate family

description. The assignment of each measure and its corresponding family is provided in Appendix 3.

Next the team assessed the relationship of each family to the four perspectives. A perspective can have
more than one family, but each family cannot be assigned to more than one perspective. Table 5.2
provides the four perspectives created and each perspective’s corresponding family or families. The

families serve as attributes for each of the perspectives.
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Table 5.2: Perspective to Family Relationship

PefspectiVe Family
Mission Productivity
Influencing Factors Scheduling

Supply
Management Timeliness
Internal Enhancement Excellence

Growth

5.3 Finalization Stage

5.3.1 Measure Assignment to the BSC

Assigning measures to the BSC is the culmination of all the previous steps. The perspectives and families
have been defined, and now is the time to begin selecting the measures that best represent the overall
strategy of the AMU. When the team completed the exhaustive list of measures, the number of measures
accumulated was close to 90. A typical BSC contains between 20 - 25 measures. The candidate measures
were evaluated and eliminated according to their perceived value toward achieving the overall strategy of
the AMU and the importance of each measure in accordance to its appearance in USAF documentation.

This process was used to create a reduced list of measures that were likely candidates for inclusion in the
BSC.

After this initial screening, the remaining measures were evaluated based upon the Caplice and Sheffi
(1994) criteria found in Table 4.1. By evaluating the measures based upon these trade-offs, the team was
able to cultivate a smaller pool of candidates for use in the BSC. Assigning measures to the BSC is not
the process that produces the final set of measures. The intention of the process is to establish a set of

measures that could be used in the BSC if they succeed through the final stages of the development
process.
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5.3.2 Correlation Determination

Forming linkages between measures in the BSC creates cohesiveness between the perspectives that
allows the organization to maximize the use of the BSC. When strategies are developed, correlations can
be produced within the measures of the BSC. Given the external nature of this research and the dynamic
nature of the USAF, the team could only hypothesize possible strategies for Air Force success because of
the lack of internal process knowledge. The hypothesized strategies were used to deve]op._an example
correlation to test the team’s example scorecard. The example correlation was based upon the team’s
experience throughout the project, and was explained in Section 4.3.2. This correlation allowed the team

to solidify some of the measures to be put into the final BSC.

Correlations should be developed using the firm foundation of strategic knowledge from within an AMU.
From an internal perspective, correlations should be extensively evaluated before finalizing the measures
in the BSC. The correlations between various measures could greatly affect the success of the BSC. The

purpose of the BSC is to tie multiple facets of an organization together; correlations exhibit those ties.

5.3.3 Measure Fihalization

The final measures to be included in the BSC will represent the perspectives comprehensively to ensure
that an accurate reading of the organization as a whole can be taken. Each measure’s definition or
function is very important when settling on the final measures (Table 5.3). After the correlations are
produced, there may be perspectives with fewer measures than anticipated. As was discussed in Section
4.3.3, a BSC should contain two different types of measures: strategic and diagnostic. Strategic measures
define an organizational strategy. The measures remaining to be assigned after the determination of
correlation are likely to be diagnostic. Diagnostic measures monitor whether a process stays in control.

Diagnostic measures fill gaps as the measures of the BSC are finalized.

Because of the external nature of the project, the team selected some of the final measures for the
preliminary BSC based more upon the collective knowledge- of the team than on the correlations
produced. The team selected a small portion of the strategic measures from the correlations produced and
the other portion based upon the assumptions made about the strategic goals of an AMU. The team filled
in the gaps with diagnostic measures such as “CANN rate,” “TNMCM,” and “total abort rate.” For a final
AMU BSC, more measures should be finalized through the study of correlationé. This would solidify the
strategic linkages within the BSC and therefore increase the resulting benefits. The preliminary BSC

developed by the team is shown in Figure 5.1 and the preliminary definitions are shown in Table 5.3.




Mission Perspective Influencing Factors Perspective

- Long-term ability to improve combat capability - Success with collaborators and functional
processes

+ Maintenance hours per flying hour

s MC rate ¢ CANN rate

e PMCM ¢ MICAP fill rates

+ Sorties flown ¢ MSE

¢ TNMCM ¢ TNMCS

Management Perspective Internal Enhancement Perspective

- Achievement of customer service - Necessity for innovation and growth

¢ Adherence to OPS/MXS schedule ¢ CNDrate

¢+ DD rate AWM ¢ RRrate

+ Total Maintenance deviations ¢ Special Experience Identifiers

¢ - 4-hour fix rate ¢+ Total abort rate -

¢ 8-hour fix rate ¢ Training schedule adherence .
¢ 12-hour fix rate ¢ Upgrade Training

¢ Days in Phase/ISO + Unit average technical skill level

Figure 5.1: Preliminary BSC for AMU Flightline MX Activities

Table 5.3: Definitions of Preliminary BSC Measures

Mission Perspective

Maintenance hours per flying hour The total number of maintenance hours performed

versus the total number of flying hours

MC Rate The total number of mission-capable hours (fully or

partially) versus the total number of possessed hours

PMCM The number of possessed hours an aircraft is partially

mission-capable due to needed maintenance
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~ Mission Perspective

Sorties flown The number of sorties flown in a specified period of
time (week, month, year)

TNMCM : The number of possessed hours an aircraft is totally
not mission-capable due to maintenance

Influencing Factors Perspective

CANN rate ' The number of cannibalization actions versus the
number of sorties flown in a given time period (week,
month, year)

MICARP fill rate The time duration or how long the fill process takes for
a Mission-Impaired Capability Awaiting Parts aircraft .

MSE ‘ The number of maintenance actions started versus the
number of maintenance actions scheduled

TNMCS ‘ The number of possessed hours an aircraft is totally
not mission-capable due to supply '

- Management Pérspecfive

Adherence to OPS/MXS schedule The number of deviations from the OPS or MXS

schedule committed

DD rate AWWM The average number of deferred discrepancies due to
maintenance in a given time period (week, month,
year)

Total maintenance deviation The total number of deviations from the maintenance
schedule

4-hour fix rate _ The percentage of aircraft that return with a Code 3

break and are returned to MC status within 8 hours

8-hour fix rate | The percentage of aircraft that return with a Code 3
break and are returned to MC status within 4 hours

12-hour fix rate The percentage of aircraft that return with a Code 3
break and are returned to MC status within 12 hours

Internal Eﬁﬁén(‘:emehtpjef;peéﬂvév.' T

CND rate The total number of in-flight discrepancies that could
not be duplicated by maintenance personnel versus
the total number of in-flight discrepancies

RR rate The number of fixed problems that reoccur versus the
tota! number of fixed problems




~ Mission Perspective

Special experience identifier Special hands-on training or experience an individual
: receives and is given credit for

Total abort rate The total number of sorties aborted versus the total

number of sorties attempted

Training schedule adherence The number of deviations from the training schedule

committed

Upgrade training The status of an individual concerning the next

upgrade in level of maintenance training

Unit average technical skill level The cumulative skill level of personnel in a unit per the

number of personnel in a unit

Because the BSC was externally produced, validation was an important step in the case study. The team
created a questionnaire (presented in Appendix 4) that was administered by AFRL personnel to attendees
at the 2003 LOA National Conference. This conference was held 13-16 October 03 in Oklahoma City,
Oklahoma. The questionnaire sought the expertise of logistics personnel in ranking the criticality of the

measures on the preliminary BSC. Additional information about the analysis and results of the

questionnaire is provided in Section 6.

5.3.4 Ownership Assignment

Assigning ownership of measures to specific individuals is important to the success of a BSC because a
single person cannot constantly monitor or be held accountable for all of the BSC measures. Because the
team is external and the BSC is not being implemented at this time, ownership assignment was not
undertaken. Ownership to particular measures would be assigned by the individual in charge of the entire
BSC. Since multiple BSCs are possible within one wing or even one squadron, one individual may own

an entire BSC and also use their BSC as a single measure for a higher-level BSC.

5.3.5 Scorecard Cascade

Scorecard cascading is outside the scope of this project. The team did develop one suggestion of a
possible opportunity for cascading. The daily and weekly meeting hierarchy would be an excellent way to
cascade the BSC. The commander would have the high-level BSC developed by the project team. Each
sub-commander would have a scorecard developed with measures cascaded down from measures in the

commander’s scorecard. The aggregation of each of the sub-commanders’ BSCs would form the

commander’s BSC.
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5.3.6 Review and Revision

Review and revision is key to the continued success of a BSC. By reviewing the BSC at scheduled
intervals, the opportunity for continuous improvement exists. Within the context of a functioning BSC,
the internal team would use the review time as constructive criticism of the current BSC. This is both
productive and healthyifor an organization. Continuous improvement is irhperative to the survival of

efficient practices and success as an organization.
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6 BSC Validation

The questionnaire discussed in Section 5.3.3 and presented in Appendix 4 was used to obtain expert
opinions about the hierarchy of the perspectives and measures included in the preliminary BSC. The
purpose of this questionnaire was to see if logistics personnel believed that there were more important
measures that should be added or current measures that should be omitted. The questionnaire requested
each respondent to rank each of the four perspectives in decreasing criticality and rank each measure
within the four perspectives by decreasing criticality within their perspective. The rankings used an
increasing numeric scale to portray relative criticality: the lower the number, the higher the criticality,

with 1 being the most critical. The questionnaire also requested that the respondents suggest any omitted
measures that they deemed pertinent.

Thirty-six respondents completed the anonymous questionnaire. Responses from each questionnaire were
entered into a Microsoft® Excel spreadsheet. This Respondent Raw Data Spreadsheet is presented in
Appendix 5. The spreadsheet is divided into three sections corresponding to the information requested on
the questionnaire. The first section displays how each individual ranked the four perspectives on a scale
of one to four, with one being the most critical and four being the least. The second section contained four
parts, displaying how each individual ranked the measures corresponding to each of the four perspectives.

The third section displayed the job classification of the respondent.

The questionnaires were examined for completeness and usefulness and a set of criteria was developed to
determine possible outliers. Outliers were questionnaires that did not fully conform to the guidelines of
the questionnaire. These outlier questionnaires were removed from the study, resulting in 26 viable
respondents. The discarded questionnaires were 2, 3, 4, 9, 14, 16, 25, 27, 34, and 35 as shown by the
shaded rows of the Respondent Raw Data Spreadsheet. An example of an outlier questionnaire is one
where the respondent combined two of the perspectives into one and ranked them using their own
method. There were also questionnaires with minor problems such as only three of the four perspectives

being ranked or the measures being ranked but not the perspectives that were also discarded.

Next, a count of the times each perspective and each measure within each perspective was assigned a
particular ranking of 1, 2, 3, etc. was computed. The corresponding percentage represented the number of
times cach perspective or measure was given that ranking out of the total number of questionnaires. The

percentages allowed the data to be conceptualized in a more meaningful manner.
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In addition to the comprehensive results of the respondents as a whole, the results were categorized by
reépondeht job function level where adequate sample size within the category permitted, specifically
group-level maintenance supervision/staff and squadron-level maintenance supervision/staff. Of the 26
questionnaires used for analysis, 23 of them fell into one of these two job function levels. The analysis
was repeated for each group individually, allowing for observation of how the two levels of job function

may differ in their view of the criticality of the perspectives or measures.

The analyzed data from the various groupings is presented in a graphical format in the following sections.
The graphs are stacked bar graphs with each column repreéenting a speéiﬁc perspective or measure. The
bars contain the percentages of each ranking (1s, 2s, 3s, etc.) that were obtained by each perspective or
measure within its perspective. Separate graphs represent the criticality of the four perspectives and the
criticality of each measure within its perspective. Sections 6.1 and 6.2 respectively present the analyzed

results from all questionnaires (26) and the questionnaires categorized by job functlon level including

group- level (10) and squadron-level (13).




6.1 Comprehensive Results

Figure 6.1 presents the summary of the criticality of the perspectives from all 26 viable respondents. The
results indicate that the Mission Perspective is the most critical perspective with 62% of the respondents
giving it the top ranking (1). From the results, it can be conciuded that Management PerSpective is the
next most critical with 23% of the respondents ranking it as the most critical (1). The least critical
perspective is Internal Enhancement Perspective with 62% of the respondents ranking it as the least
critical (4). This is an expected finding; as this perspective contains measures that are least tangible and

has the most measures that are not currently being tracked by the USAF.
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Figure 6.1: Distribution of Responses to Perspectives
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Figure 6.2 presents the criticality of the Mission Perspective measures. The measures were ranked on a
scale from 1 to 5, with 1 being the most critical measure. The results clearly indicate the “MC rate” is the
most critical measure with 58% of the individuals ranking it as the most critical (1). “Maintenance hours
per flying hour” measure is the second most critical with 50% of the respondents ranking it as ﬁfst or
second most critical (1 or 2). It is obvious by the graph that “PMCM? is the least critical measure with
58% of the respondents ranking as the least critical (5) and no respondent ranking it as most critical.

Based upon these findings, “PMCM?” is a strong candidate for removal from the preliminary BSC.
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Figure 6.2: Distribution of Responses to the Mission Perspective Measures
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Figure 6.3 presents the criticality of the Influencing Factors Perspective measures. The measures were
ranked on a scale from 1 to 4, with 1 being the most critical measure. The results indicate the “MICAP fill
rate” is the most critical measure with 38% of the individuals ranking it as the most critical (1). The
ranking of the other measures in this perspective are less conclusive. Interestingly, “Maintenance
Scheduling Effectiveness” has the next highest percentage of respondents (31%) ranking it as most
critical (1) and the highest percentage of respondents (50%) ranking it as least critical (4). Respectively

53% and 42% of the respondents rank “CANN Rate” and “TNMCS” as most (1) or second most (2)
critical.

Influencing Factors Perspective
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Figure 6.3: Distribution of Responses to the Influencing Factors Perspective Measures
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Figure 6.4 presents the criticality of the Management Perspective measures. The measures were ranked
on a scale from 1 to 7, with 1 being the most critical measure. The results strongly indicate the
“Adherence to OPS/MXS Schedule” is the most critical measure with 58% of the respondents ranking it
as most critical (1). The next most critical measure is “Total Maintenance Deviations” with 39% of the
respondents ranking it as most (1) or second most (2) critical. The “12-Hour Fix Rate” was deemed more
critical than the “4-Hour Fix Rate” and “8-Hour Fix Rate.” Potential measures for removal from the BSC
are “DD Rate AWM?” and “4-Hour Fix Rate.”
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Figure 6.4: Distribution of Responses to the Management Perspective Measures




Figure 6.5 presents the criticality of the Internal Enhancement Perspective measures. The measures were

ranked on a scale from 1 to 7, with 1 being the most critical measure. The measure ranking results of this

perspective is less conclusive. The results indicate that “CND rate,” Repeat-Recur (RR) Rate,” Upgrade

Training,” and “Unit Average Technical Skill Level” are the most critical measures with the greatest

number of respondents ranking these measures as most (1) or second most (2) critical. “Special

Experience 1dentifiers” was ranked the least critical (7) with 50%.
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Figure 6.5: Distribution of Responses to the Iinternal Enhancement Perspective Measures

6.2 Level of Job Function Results

The graphs for respondent rankings by job function level are presented in this section. The majority of the

observations are similar to those made in the combined results presented in Section 6. 1. Important

findings that differ between the two job function levels are noted.
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6.2.1 Perspective Rankings

Figure 6.6 and Figure 6.7 present the criticality of the perspectives from the group-level and squadron-

level réspondents respectively. Both sets of ranking results are similar to the combined ranking shown in

Figure 6.1 except for the least critical perspective. Observation of Figure 6.6 shows that Influencing

Factors Perspective is the least important perspective for the group-level fespondents, while Figure 6.7

indicates that the Internal Enhancement Perspective is least critical for the squadron-level respondents.

This result is interesting and supports the cascading of different BSCs for differing levels of the USAF.
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Figure 6.6: Distribution of Group-Level Responses to Perspectives
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Perspectives (Squadron Level)
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Figure 6.7: Distribution of Squadron-Level Responses to Perspectives

6.2.2 Measure Rankings for the Mission Perspective

Figure 6.8 and Figure 6.9 present the criticality of the measures within the Mission Perspective from the

group-level and squadron-level respondents respectively. Both sets of ranking results are similar to the

combined ranking shown in Figure 6.2.
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Mission Perspective (Squadron Level)
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Figure 6.9: Distribution of Squadron-Level Responses to the Mission Perspective

6.2.3 Measure Rankings for the Influencing Factors Perspective

Figure 6.10 and Figure 6.11 present the criticality of the measures within the Influencing Factors
Perspective from the group-level and squadron-level respondents respectively. Both sets of ranking
results are similar to the combined ranking shown in Figure 6.3 except for the ranking of the MSE. This
measure has very low criticality for the group-level with 80% of the group-level respondents ranking it

least critical (4), but has the second-highest criticality for the squadron-level respondents.
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Figure 6.11: Distribution of Squadron-Level Responses to the Influencing Factors Perspective

6.2.4 Measure Rankings for the Management Perspective

Measures

Figure 6.12 and Figure 6.13 present the criticality of the measures within the Management Perspective -

from the group-level and squadron-level respondents respectively. Both sets of ranking results are similar

to the combined ranking shown in Figure 6.4.
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6.2.5 Measure Rankings for the Internal Enhancement Perspective

Figure 6.14 and Figure 6.15 present the criticality of the measures within the Internal Enhancement

Perspective from the group-level and squadron-level respondents respectively. The sets of ranking results

differ from the combined ranking shown in Figure 6.5 in their assignment of the most critical measures.

Figure 6.14 shows that the most critical measures for the group-level respondents are “Repeat-Recur

(RR) Rate” and “Unit Average Technical Skill Level” similar to the combined results in Figure 6.5. The

squadron-level results shown in Figure 6.15 indicate the most critical measures as “Total Abort Rate” and

“Upgrade Training.” These differences again support the use of different BSCs for differing levels of job

functions.
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7 BSC Software Package Review

7.1 BSC Software

This section discusses BSC software, including standards for the selection and a detailed review of three
software packages. Through the BSC, strategies are mapped and monitored. The BSC allows management
to keep track of lagging and leading indicators to indicate the success and failure of these strategies. The
BSC facilitates cascading of these strategies throughout an entire organizatioh. In order to successfully
accomplish this, many different variables must be monitored and communicated to a variety of
stakeholders. It is useful for these stakeholders to have these variables visualized in the format of a BSC.
The management and presentation of this extensive information is the primary reason BSC software

packages have been developed.

7.2 Standards for the Software

There are many BSC software packages available on the market, but limited standards by which to

compare them. The Balanced Scorecard Collaborative, Inc. (BSCol) is a firm that was founded by Kaplan

and Norton, creators of the BSC, to increase awareness and use of the BSC. The BSCol developed a set of

standards to éssist end-users and developers of BSC software packages in assuring that their software

packages make full use of the BSC. The complete functional standards documentation provided by the

BSCol is provided in Appendix 6. The stated purposes of these standards are:

¢ To provide guidance to user organizations in their evaluation and selection of a BSC software
packagé

¢ To help define development guidelines for software companies seeking to support the Kaplan and

Norton BSC methodology

7.3 BSCol Functional Standards

The BSCol suggests four categories of features that should be included in the BSC software packages:
¢ Design

¢ Strategic Education and Communication

¢ Business Execution

¢ Feedback and Learning

The BSCol considors these as the minimum necessary features, and many software packages go beyond

them. A comprehensive discussion of these categories is located in Section 7.4.




7.3.1 Design

The BSCol suggests the following features for the Design category:
View strategy from the four perspectives

Identify strategic objectives for each perspective

Associate measures with strategic objectives

Link measures in cause-and-effect relationships

Assign targets to measures

* & & & o o

List strategic initiatives

7.3.2 Strategic Education and Communication

The BSCol suggests the following features for the Strategic Education and Communication category:

¢ Enable users to document and communicate descriptions of objectives, measures, targets, and

initiatives

7.3.3 Business Execution

The BSCol suggests the following features for the Business Execution category:

¢ Explicitly show the relationship between initiatives required to achieve strategy

7.3.4 Feedback and Learning

The BSCol suggests the following features for the Feedback and Learning category:

¢ Measure results against targets

¢ Rely on objective and subjective judgments, for example, do not overrule the judgment of the senior

executive

¢ Have graphical indicators of performance

7.4 Available Features

During the software review, important features were identified by the research team. These features
ranged from network compatibility to user ease and friendliness. The presence of these features in each of
the three software packages was assessed through review of manufacturer specifications. The

effectiveness of these features was not tested. The most prominent features including networking,

interfacc, assessment capabilitics, and optiono are discussed next.
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7.4.1 Networking Features

¢ Client/Server Support — Software package can be used over an intranet.

¢ Cross Platform Support — Software package has the capability to use additional operating systems
other than Windows®, such as UNIX® or Mac®.

¢ Integration capabilities w/ existing software — Software package can use data from existing data
collection software such as Online Transaction Processing (OLTP) or Enterprise Resource Planning
(ERP) systems, data warehouse systems, and others. This feature is very important to quick
integration of the BSC.

¢ Real-Time Update of Information — Information is updated instantly instead of at the end of a day or
week, for example

¢ Web support — A web-supported package that can be accessed via an Internet connection.

7.4.2 Interface

¢ Graphical User Interface (GUI) - Software package uses a Windows® style point-and-click interface.

¢ Graphs and Trends — Graphs and trends can be used to describe measures.

¢ Notes for Measilres and Initiatives — Software package has the option to enter notes, descriptions,
reasons for actions, or any other pertinent information that assists in understanding measures or
strategic initiatives. These appear with the measures on the BSC.

¢ Personal Scorecard — Each person involved in the BSC can have a personal scorecard that focuses
only on the measures over which they have ownership.

¢ Report-Making Wizard — Software package includes programs to help take the information from the
software package and create hardcopy reports.

¢ Scorecard Construction Wizard — Software package includes programs or macros that help users
construct their own scorecards without extensive knowledge of the BSC.

¢ Status Warning for Measures — Software package sends warnings whenever a measure leaves
acceptable parameters. Examples of warnings are color-coded indicators and e-mails to thé owner of
the measure.

¢ Strategic Themes — Strategy is depicted on-screen within the software package to easily observe how
measures and initiatives apply to it.

¢ Wizard to Install New Measures — Software package helps the users to implement new measures

without vendor accictance or extencsive training. Packages with this feature are more robust and can

adapt easily.
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7.4.3 Assessment Capabilities

¢ Drill-Down Capability — Features let a higher-level scorecard break down its aggregate measures into

lower-level measures. This is useful in locating problem measures that are outside their acceptable

parameters.

¢ Milestone Markers — Milestone markers show the progress toward achieving long-term goals.

¢ Quantitative Analysis — Software package has the capability to perform statistical analysis on

information received from the measures, such as averages and trends, for example.

¢ Show Cross-Linkage of Measures — Software package shows the interrelations that exist between
measures.
7.4.4 Options

¢ Access Control According to User ~ This restricts users from accessing measures outside their
responsibility or measures that are higher up the scorecards.

E-mail Integration — There is an integrated e-mail system to deliver messages about measures, notes,
or other BSC-related information.

¢ Excel Capabilities — Measures can be integrated into Microsoft® Excel spreadsheets for further

analysis.

& Security Features — These are features such as user login, network encryption, and other features that

protect the data in the scorecard.

7.5 Selected BSC Software Package Comparison

As previously mentioned, three BSC soﬁware packages, ActiveStrategy Enterprise™, SPImpact, and
pbviews, were examined and compared. A brief description of each software package is provided in this
section. In addition, the matrix in Table 7.1 is presented to summarize the features of each software
package. The criteria used to evaluate the software packages include the BSCol standards, the features

described in Section 7.4, and team judgment. This matrix shows that pbviews contains all the preferred
features.

7.5.1 ActiveStrategy Enterprise™

ActiveStrategy releases several versions of their BSC software package. These range from a basic

ceorecard edition to their Enterprise edition with full functionality of all features. For these comparisons,

the Enterprise edition was examined.
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ActiveStrategy Enterprise™ focuses on measure ownership with personal scorecards to help each person
keep track of his or her own measures. It also implements security features so that each person only has
access to information relevant to his or her job. It features drill-down capability to help divide aggregate
measures for analysis. In order to facilitate organization and focus, it sends relevant reminders and

warnings to measure Owners.

ActiveStrategy Enterprise™ claims to be a “ready out of the box” package. ActiveStrategy states it can be
fully implemented on the most sophisticated systems within eight to 12 weeks. Several integration
packages are included to help ensure total compatibility. The system can work over an intranet and/or

Internet. Contact information for ActiveStrategy is provided in Appendix 7.

7.5.2 SPImpact

Open Ratings claims their SPImpact BSC software package completely follows the traditional BSC
methodology. It supports all basic BSC features, including drill-down capability, milestone markers,
multiple scorecards, and quantitative analysis. It also supports prioritizing of initiatives, performance

tracking, and display of interdependencies among units.

SPImpact employs integration software for most data sources. It also integrates with company e-mail
systems to send assessments, reminders, and alerts. SPImpact includes development wizards for

scorecards and automated system maintenance and updating.

SPImpact has an out-of-the-box set-up, which helps reduce initial set-up time. The software package
includes security features such as enrollment and user privileges. This allows for the creation and

maintenance of multiple scorecards. Contact information for Open Ratings is provided in Appendix 7.

7.5.3 pbviews

Panorama Business Views has a performance measurement software package called pbviews. pbviews
supports a broad range of performance initiatives including the BSC. Their software package is
compatible with most measurement systems and existing software. For those that are not directly

compatible, pbviews employs a translating system.
Tho rosecarch toam took part in a presentation by a Panorama Businece Views ealec representative.

pbviews has a user-friendly interface. Each BSC measure has a range of descriptions including ownership

(the person in charge of the measure), notes, strategic goals, and the ability to look back over time to find
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trends. pbviews supports the drill-down function (the ability to go down through each measure to see its

-aggregates). It was not apparent whether linkages could be formed between different measures and

perspectives.

The software package is deployable over an intranet, Internet, or both. The administrator has the option of

© restricting access to measures according to the ownership of the measure. pbviews allows direct input of

results by authorized users. Contact information for Panorama Business Views is provided in Appendix 7.

Table 7.1: BSC Software Comparison Matrix

Features

BSC Software Packages

Network

ActiveStrategy
Enterprise™

SPimpact

pbviews

Client/Server support

Cross-platform support

Integration capabilities w/existing software

Real-time update of information

Web support

x| x| x| X ] X

> | X X | XX

X | X | X | X | X

interface

Graphical user interface

Graphs and trends

Notes for measures and initiatives

x

Personal scorecard

Report-making wizard

Scorecard construction wizard

Status warnings for measures

Strategic themes

X | X | X | X

X P X XX XXX

XXX | > | X |XxX|XxX]|X

Wizdrd to Install new fneasuies

X

X
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- . Features

BSC Software Packages

e ActlveStrategy 'i,SP'Mpa"g;t' ,'
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Appendix 1: Flightline Maintenance Process

(Excerpted from Flightline Orientation Briefing, 10 March 2003)

Aircraft Landing

The beginning of the maintenance process starts when an aircraft returns from a mission. The table below

describes the events involved.

Event

What Happens

Aircraft returns from a mission

Before the aircraft lands, the aircrew may reiay aircraft or system
discrepancies by radio to the flightline. The aircrew generally converts
these discrepancies into a series of standard quick-reference codes to
expedite transmission and to allow better understanding of the nature
of the discrepancy.

Final landing preparations

Maintenance personnel begin to prepare for the aircraft landing.
Maintenance specialists are identified to work reported in-flight
discrepancies. - ‘

After landing The aircraft taxies to or near its designated parking location. For some
aircraft, the aircrew may refuel at a fuel pit before taxiing to the
assigned parking location.

Parking Once at the parking location, the aircrew may power down systems

and engines. In the event of an Integrated Combat Turn (ICT), the
aircrew may keep certain systems and engines running as
maintenance personnel prepare the aircraft for an immediate launch.
A complete discussion of ICTs and Quick Turns is found later in this
chapter.

Aircrew departure

Once the aircraft systems and engines are off, the aircrew departs the
aircraft. In some cases, the aircrew will discuss discrepancies with the
maintenance specialist at the aircraft. Doing so provides the
maintainer more detailed information as to the nature of the
discrepancy than would otherwise be available. The aircrew should
record all noted in-flight discrepancies in the Aircraft Forms before
departing for aircrew debriefing. An aircraft forms binder is normally
taken to aircrew debriefing. Maintenance personnel begin their work
once the forms are returned to the aircraft.
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Parking and Recovery

During this phase, the aircraft is “safed” for ground operations and parked at its designated location.
Though the sequence of events may vary for different types of aircraft, the basic process is the same:
¢ Landing gear pins are immediately installed to prevent the gear from inadvertent collapse;
Grounding wires are installed, and aircraft systems, gun systems, and munitions are “safed”;
Engine oil samples are taken for spectrometric examination;

Aircraft circuit breakers are set, streamers placed, and protective covering positioned;

* & & o

If necessary, the aircraft is towed to its designated parking location, where servicing actions begin

Aircraft Servicing

Aircraft servicing actions typically include checking system fluid levels and lubrication. The most
common fluids requiring servicing include engine oil, hydraulic fluid, and fuel. The next scheduled
mission generally dictates fuel loads; however, if this information is unavailable, the fuel tanks are filled

to a designated minimum “Ramp” load. Safety is paramount during any fueling/de-fueling operation.

While servicing actions take place, the aircrew is debriefed.

Aircrew Maintenance Debriefing .

An aggressive aircrew maintenance debriefing program is essential to the maintenance process to ensure
accurate reporting and documentation of aircraft malfunctions. The debriefing session is the cornerstone
for the entire maintenance documentation process; it documents historical data for identification of repeat
and recurring discrepancies to assist in troubleshooting and correcting malfunctions. Documentation
systems used by the debriefing section include Core Automated Maintenance System (CAMS), G081

(CAMS for Airlift), Tactical Interim CAMS/REMIS Reporting System (TICARRS), or Computerized
Fault Reporting System (CFRS). ‘

Debriefing is normally conducted at the end of each sortie or abort. Maintainers use debriefing to
document in-flight discrepancies, aborts, in-flight emergencies, flying time information, Event History

Recorder readings, Operational Check Flights, Functional Check Flights, and munitions drops.

The debriefer should properly identify and document repeat or recurring discrepancies, as well as landing

status, system capability, deviation, and system fault codes.

68



Repeat/Recurring Discrepancies

During the debriefing process, in-flight discrepancies are reviewed to ensure they are identified as a
repeat or a recurrence when necessary. A repeat discrepancy is one that occurs on the next attempted
sortie after corrective action is complete. Generally, a recurring discrepancy is one that is complete,

although this may differ by command.

Land Status Codes

Aircrew and maintainers use landing status codes to indicate aircraft status upon landing.‘The table below

lists these codes.

Code | ' : Description
1 Aircraft mission capable with no additional discrepancies
2 Aircraft or system has minor discrepancies but is capable of further mission assignment within

normal turnaround times

3 Aircraft or system has major discrepancies in mission-essential equipment that may require
extensive repair to replacement prior to further mission assignment. The discrepancy may not
affect safety-of-flight and the aircraft may be Not Mission Capable (NMC) flyable

8 Aircraft or system has suspected or known radiological/biological contamination

System Capability Codes
These codes indicate system or subsystem capability at the end of a sortie. The table below describes

these codes.

Code o o Desgription

0 System flown with a known discrepancy, no additional discrepancies noted, system can be
used

1 System used and performed satisfactorily, no maintenance required

2 .| System used and performed satisfactorily. A minor malfunction exists, but system is capable

of further mission assignment

3 System performance was unsatisfactory, this system did not cause an abort

A Syctom porformance wae uneatiefantary, thie eyetem canead or rantrihiited tn an ahart

5 System out of commission prior to takeoff




Code-. Description

6 System installed but not used

7 System not installed

8 Aircraft or system has suspected or known radiological/biclogical contamination

Deviation Codes

The codes in the table below indicate the type of deviation that affect the flying schedule.

Code Description
AA Air Abort
AD Add
Al Air Abort/In-Flight Emergency
CX Cancellation
DE Delay
EL Early Landing
ET Early Takeoff
FE | IFE
Fl In-Flight Incident
GA Ground Abort
LL Late Landing
LT Late Takeoff
SL Subsequent Late
SP Spare
SX Subsequent Cancellation
TS Tail Number Swap
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Operation Deviation Cause Codes

The codes in the table below indicate the reason for a deviation or the agency that caused a deviation to
the flying schedule.

Note: The first two positions are constant, but the complete codes vary among major commands

(MAJCOMs). The “x” denotes any character for local use.

ATx Air Traffic

COx [ Contractor

HQx | Higher Headquarters

MTx Maintenance

OPx | Operations

OTx Other

SFx Material, Safety of Flight

SYx | Sympathy

SUx | Supply

TRx Tanker/Receiver Deviation

WXx | Weather

XXX Local Option

System Fault Codes
System fault codes exist for aircraft using fault reporting and fault isolation manuals. These codes help
maintainers gain access to correct fault isolation procedures. The codes vary depending on the

malfunction. The CFRS, if available, uses software that automates the identification of system fault codes.

Post-Flight Inspection
After flight, an aircraft will undergo a Thru-Flight Inspection, a Basic Post-Flight Inspection, or a
Combined Pre-Flight/ Basic Post-Flight or Pre-Flight/Thru-Flight Inspection. The following table

describes some of these inspections.
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Type Inspection

Description

Thru-Flight -

The Thru-Flight Inspection is a between-flights inspection accomplished after
each flight when a turn-around sortie or continuation flight is scheduled and a
Basic Post-Flight Inspection is not required. This inspection consists of checking
the aircraft for flight continuance by performing visual examination or operational

checks of certain components, areas, or systems to assure that no defects exist,
which would be detrimental to further flight.

Post-flight

The Basic Post-Flight inspection occurs after the last flight of a specified flying
period. This inspection will consist of checking the aircraft condition by performing
visual examination or operational checks of certain components, areas, or
systems to assure that no defects exist that would be detrimental to flight. It is a
more thorough check that the Pre-Flight or the Thru-Flight Inspections.

Combined

The Combined Pre-Flight/Basic Post-Flight Inspection or Pre-Flight/Thru-Flight
Inspections consolidates the requirements of the Pre-Flight and Basic Post-Flight
Inspections into a single inspection accomplished at the end of the flying period. it

eliminates duplication of inspection items and is valuable during periods of high
aircraft generation rates.

Unscheduled Maintenance/Repair

During this phase of the process, maintenance technicians start work on the in-flight discrepancies

reported by the aircrew. The figure below and the accompanying table illustrate and explain the process

for completing unscheduled maintenance actions.
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Troubleshoot
Discrepancy »

Adjust/Repair
(if required

Order Part

PLANE

Document
Corrective
Action(s) in MIS

(as necessary)

Awaiting Part from
Supply

L

Part issues from
Supply

Install Part

Sign off
discrepancy in
Aircraft Forms

Operational Check




Ar,fiion‘

Description

Identify
discrepancy

Once a discrepancy is identified, the aircraft crew chief requests

* & o & o

*

troubleshooting

ordering parts (if needed)

determining whether munitions can be “safed” or downloaded
adjustment/repair '

operational checks

aircraft forms and Maintenance Management Information System (MMIS)
documentation

Work
discrepancy

Once the technician troubleshoots the discrepancy, he or she faces three alternatives:

L4

if the technician cannot duplicate the discrepancy and has exhausted all possible
courses of action, he or she clears the discrepancy by indicating “cannot
duplicate” (CND) in the aircraft forms and the MMIS. CND actions are a last resort
and are coordinated through the Expediter and Production Superintendent.

The system or subsystem may require adjustments or repair action that does not
require a replacement part. Once corrective actions and operational checks are
complete, the technician clears the discrepancy by indicating the corrective
actions in the aircraft. '

The technician may need to change a system or subsystem part or Line
Replaceable Unit (LRU). Once the technician identifies which part requires
replacement, the technician orders it.

it

Then

The part is available in base It is issued to the technician and installed on the
supply aircraft

The part is not available ¢ The part is backordered

¢ The Production Superintendent is notified of the
backorder status and asked to establish an order
priority

+ The repair effort for the discrepancy is placed on

hold until the required part arrives through the
base

+ In certain cases, cannibalization procedures may
supply the part

When the part
is available

L4

*
*

It is issued to the technician and installed on the aircraft

Operational checks are performed on the system and subsystem
The job is completed and signed off in aircraft forms
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Preventive Maintenance

Preventive maintenance includes all scheduled maintenance actions performed to retain the aircraft and its
systems in mission-ready condition. Scheduled maintenance involves the accomplishment of periodic
inspections, condition monitoring, Time Compliance Technical Orders (TCTO), Time Change Item (TCI)
replacements, and system calibrations. The maintenance schedule controls preventive maintenance
activities. Close coordination between the production superintendent, flight chiefs, aircraft schedulers,
and the support flight ensures all necessary resources are available to perform the job. These resources

include the aircraft, manpower, parts, and equipment.

The Expediter or Production Superintendent notifies the aircraft crew chief and maintenance technicians
of any scheduled maintenance activities either during shift roll call, or by having them review the daily
maintenance schedule. The crew chief or maintenance technician is responsible for obtaining the
necessary tools, equipment, and parts from their support flight and, if necessary, supply. Once the job is
complete, they should notify the expediter and clear (sign-off) the write up in the aircraft forms and

MMIS by indicating the maintenance actions taken.

Aircraft Scheduled for Next Mission

While the aircraft is undergoing corrective and preventive maintenance, it may be scheduled to fly its next
mission. The flying requirement for a particular aircraft is documented in the monthly and weekly flying
schedules. The production superintendent closely monitors these schedules to ensure the aircraft are ready
for the next scheduled flying mission. As this time approaches, the maintainers prepare the aircraft for its

mission and for flight.

Aircraft Mission Preparation

During this phase, many activities may occur simultaneously. Final corrective and prevéntive
maintenance actions are completed; fuel adjustments are made to accommodate last-minute mission
changes; munitions, chaff, ammunition, specialized pods, and specialized equipment are loaded and
configured. The aircraft crew chief is responsible for ensuring the aircraft is ready for its mission. All

these activities must be closely monitored and coordinated to ensure nothing is overlooked.

Pre-Launch Inspection

Pre-launch activities involve detailed maintenance and aircrew inspections. Brief explanations of the Pre-

Flight and aircrew inspections follow. TO 00-20-5 contains a complete discussion of aircraft inspections.
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Pre-Flight Inspection

A Pre-Flight Inspection is a flight preparedness check that the crew chief does in accordance with the
aircraft. This inspection includes visually examining the aircraft and operationally checking certain

systems and components to ensure there are no serious defects or malfunctions.

Aircrew Inspection

The aircrew accomplishes the aircrew inspection, commonly referred to as the “Dash one inspection,” in
accordance with the aircraft aircrew manual. This inspection includes a visual examination of the aircraft

and may require the aircrew to configure certain systems in preparation for launch and mission.

Once the inspections are complete, the aircrew and maintainers carefully review aircraft forms to ensure

all discrepancies are cleared. An exceptional release is required. This is the final check performed by

maintenance before they release the aircraft to the aircrew.

Aircraft Launch

At this point, the aircrew starts the engines, powers up systems and makes final adjustments in
preparation for launch. Maintainers disconnect and move the support equipment away from the aircraft.
When cleared by the control tower, the crew chief marshals the aircraft out of its parking spot and onto
the ramp or taxi way. Some aircraft require an End-of-Runway Inspection. The purpose of this inspection
is to detect critical defects that may have developed or have become apparent during ground operation of
the aircraft. It is performed immediately prior to take-off at a designated location usually near the end of

the runway. Some units publish a local checklist for end-of-runway procedures.

Post-Launch Cleanup

Finally, after the aircraft is airborne, the maintainers clean up the parking location. Personnel must store
all items such as the fire extinguisher, trash receptacle, tire chock, and inlet covers in their proper

locations. A Foreign Object Damage (FOD) check should also occur to ensure someone removes objects

that may have blown onto the parking spot during aircraft taxi.
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Appendix 2: Exhaustive List of Performance Measures

' _Exhaustive List of Performance Measures

Measure Sources

. Performance Measure_ | 8302 | HOF | Metrics

e R S |~ - |Reports’ »,M"f',",“r?',,
1 12-Hour Fix Rate A Yes Yes
2 | 12-Hour Fixes Completed Yes
3 | 4-Hour Fix Rate Yes Yes
4 | 4-Hour Fixes Completed Yes
5 | 8-Hour Fix Rate Yes ‘ Yes
6 | 8-Hour Fixes Completed Yes
7 i Adherence to OPS/MXS Schedule
8 | Air Abort Rate Yes
9 | Air Aborts Yes
10 | Average Repair Time (Fighters)
11 | Average Repair Time (Other)
12 | Average Time as Hangar Queen
13 | Backup Aircraft Inventory (BAI) Yes
14 | Break Rate Yes
15 | Cannibalization Rate Yes Yes Yes
16 | Career Development Course Success Rate Yes
17 | Cat | Hangar Queens Yes
18 | Cat !l Hangar Queens Yes
19 | Cat lll Hangar Queensv Yes
20 | Charyvable Doviations Yoo
21 | Code 3 Breaks Yes Yes
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| Exh’aﬁstive List of Performance Measures

Measure Sources

* Performance Measure 9302 | HOF | Metrics
EE 3 Reports Manual

22 | Could Not Duplicate Rate Yes
23 | Deferred Discrepancies Leading to RR Instances
24 | Deferred Discrepancies Leading to TNMC or PMC
25 | Deferred Discrepancy Rate AWM Yes Yes
26 | Deferred Discrepancy Rate AWP Yes Yes
27 | Departure Reliability
28 | Depot Scheduling Yes
29 | Discrepancies Awaiting Maintenance
30 | Discrepancies Awaiting Parts
31 | EEO Complaints
32 | Electronic Warfare Pod Mission-Capable Rate
33 | Functional Check Flight (FCF) Release Rate Yes
34 | Fix Rate Yes
35 | Flying Schedule Effectiveness Yes Yes
36 | Fuliy Mission-Capable Rate Yes
37 | Ground Aborts Yes
38 | Hourly Utilization Rate (UTE) Yes
39 | Hours Flown Yes
40 | Hours Programmed Yes
41 | IG Complaints
42 | Issue Effectiveness Rate
43 | Job Data Documentation Error Rate Yes
44 | Judicial Punishments
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“Exha ustive List of Performance Measures

. Measure Sources

?ij, | Performance Meas;iré 9302 HOF . Métrics
R L Reports Manual

45 | Maintenance Man-Hours per Flying Hour Yes
46 | Maintenance Scheduling Effectiveness Yes
47 | Mean Time to Failure
48 | Mean Time to Repair
49 | Mission-Capable Rate Yes Yes Yes
50 | Mission-Impaired Capability Awaiting Parts
51 | Non-Chargeable Deviations Yes
52 | Non-Judicial Punishments
53 | Primary Aircraft Inventory (PAIl) Yes
54 | Partially Mission-Capable Maintenance Yes Yes
55 | Partially Mission-Capable Supply Yes Yes
56 | Phase Average Yes Yes
57 | Process Improvements
58 | Promotion Average
59 | Quarterly Annual Awards
60 | Repeat-Recur Rate Yes
61 | Scheduled Hours Yes
62 | Sortie UTE Yes
63 | Sorties Flown Yes
64 | Sorties Programmed Yes
65 | Sorties Scheduled Yes
66 | Spare Aircraft Inventory
67 | Special Experience ldentifier
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Exhaustive List of Performance Measures

Measure Sources

o kfi]‘P‘erfokrmancé Measure 9302 HOF | Metrics
S S "Reports Manual

68 | Stockage Effectiveness Rate Yes
69 | Time Compliance Technical Orders Finished Yes
70 | Total Abort Rate Yes Yes Yes
71 | Total Accumulated Cycles Yes
72 | Total Aircraft Control Deviations Yes Yes
73 | Total Deviations Yes Yes
74 | Total Higher Command Deviations Yes Yes
75 | Total Maintenance Deviations | Yes
76 | Total Operations Deviation Yes Yes
77 | Total Repair Cycle Time Yes
78 | Total Supply Deviations Yes Yes
79 | Total Weather Deviations Yes Yes
80 | Totally Not Mission-Capable Maintenance Yes Yes Yes
81 | Totally Not Mission-Capable Supply Yes Yes Yes
82 | Training No-Shows Yes
83 | Training Overdues Yes
84 | Training Schedule Adherence
85 | Unit Average Skill Level
86 | Upgrade Training Status Yes
87 | Weather
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Appendix 3: Family to Measure Association

. Family to Measure Association

Measure

Excellence

Air Abort Rate

Air Aborts

Break Rate

Code 3 Breaks

Could Not Duplicate Rate

FCF Release Rate

Job Data Documentation Error Rate

Mean Time to Failure

Mean Time to Repair

Repeat Recur Rate

Total Abort Rate

Total Accumulated Cycles

Growth

Career Development Course Success Rate

EEO Complaints

IG Complaints

Judicial Punishments

Non-Judicial Punishments

Process Improvements

Promotion Average

Quarterly Annual Awards

Special Experience |dentifier

Training No-Shows

Training Overdues
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~Family to Measure Association

" Family

Measure

Training Schedule Adherence

Unit Average Skill Level

Upgrade Training Status

Productivity

Average Répair Time (Fighters)

Average Repair Time (Other)

Backup Aircraft Inventory

Electronic Warfare Pod Mission-Capable Rate

Fully Mission-Capable Rate

Hours Flown

Hours Programmed

Maintenance Man-Hours per Flying Hour

Mission-Capable Rate

Primary Aircraft Inventory (PAI)

Partially Mission-Capable Maintenance

Sortie UTE

Sorties Flown

Sorties Programmed

Totally Not Mission-Capable Maintenance

Scheduling

4-Hour Fix Rate

8-Hour Fix Rate

12-Hour Fix Rate

Chargeable Deviations

Depot Scheduling

Fix Rate
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easure Association

Measure

Flying Schedule Effectiveness

Hourly UTE

Maintenance Scheduling Effectiveness

Non-ChargeabIe Deviations

Phase Average

Scheduled Hours

Sorties Scheduled

Time Compliance Technical Orders Finished

Total Aircraft Control Deviations

Total Deviations

Total Higher Command Deviations

Total Operations Deviations

Total Weather Deviations

Weather

Supply

Average Time as Hangar Queen

Cannibalization Rate

Cat | Hangar Queens

Cat Il Hangar Queens

Cat lll Hangar Queens

Discrepancies Awaiting Parts

Issue Effectiveness Rate

Mission-Impaired Capability Awaiting Parts Fill Rate

Partially Mission-Capable Supply

Spare Aircraft Inventory
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Family to Measure Association

- Family

Measure

Stockage Effectiveness Rate

Total Supply Deviations

Totally Not Mission-Capable Supply

Timeliness

4-Hour Fixes Completed

8-Hour Fixes Completed

12-Hour Fixes Completed

Adherence to OPS/MXS Scheduie

Deferred Discrepancies Leading to RR Instances

Deferred Discrepancies Leading to TNMC or PMC

Deferred Discrepancy Rate AWM

Deferred Discrepancy Rate AWP

Departure Reliability

Discrepancies Awaiting Maintenance

Ground Aborts

Total Maintenance Deviations

Total Repair Cycle Time
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Appendix 4: BSC Validation Questionnaire

In support of research to develop a “health-of-fleet” type metric, please rank the aircraft maintenance

performance metrics below in order of decreasing criticality.
1) Rank each of the four Perspectives (categories) in order of decreasing criticality (1 = most critical)
2) Within each Perspective, add any critical metrics that we omitted

3) Rank all metrics within each Perspective in order of decreasing criticality (1 = most critical)

Mission Perspective (Rank )
- Long term ability to improve combat capability

__Maintenance hours per flying hour
__MCrate

__PMCM

__Sorties flown

__TNMCM

Influencing Factors Perspective (Rank )
- Success with collaborators and functional processes

__CANN rate
__ MICAP fill rates

__Maintenance Scheduling Effectiveness
___TNMCS

Management Perspective (Rank )
- Achievement of customer service

___Adherence to OPS/MXS schedule
___DD rate AWM

___Total maintenance deviations
__4-hour fix rate

__8-hour fix rate

__12-hour fix rate

___Days in Phase/ISO

Internal Enhancement Perspective (Rank )
. - Necessity for innovation and growth

__CND rate

__Repeat-Recur (RR) rate

__ Special Experience Identifiers
___Total abort rate

___Training schedule adherence
__Upgrade Training

___Unit average technical skill level

Group-level mxs supervision/staff
Squadron-level mxs supervision/staft

Flight-level mxs supervision/staff
Production Supervisor
Expeditor

0o0oOo

Please check all of the applicable boxes regarding your job description below for response categorization:

Flight Chief
Lead f'echnician

Flightline Maintainer
Other __

‘oooo
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Appendix 5: Questionnaire—Raw Data Spreadsheet

86



Trial #

Mission

Influencing Factors

Management

internal Enhancement
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Trial #

Group-level mxs
supervision/staff
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supervision/staff

Flight-level mxs
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Production Supervisor

Expeditor

Flight Chief

Lead Technician
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Appendix 6: BSCol Functional Standards Brochure
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1.0 Background

Wirhin the past few years the Balaneed Scorecard has become a key tool for maanging and implementing stearegn in
organizations, Responding to this bustness demand, many analy tical 'epphr'mnn FRP sond databiise vendors are
dc\dupnw and releasing software o support exccutive decision-ny aking using the Balineed Scorecand methodology
This development of software-enabled Bakeed Scorceards will inev u.nbl lc.:d to the implemenndion of Balaneed
Scoreeards a1 an muc't«m;; nantbuer of organtzations thronghour the w orld. Central 1o the Balanced Scorecard
methode dopy i holistic vision of a measurement svstem tied o the strasepric direetion of the firny, The Bakinewd
Scorceard is based on straregic implemeniarion through focus on four pn-r\';wclivc«' with finaneial objecrives and
maasares supported by custooer, internaland kearotng, and growth objecdves and memies, By measuring and
managing the basioess using this balanced set of measures, an onmmizaton ¢an ensure rapid and effecrive
implenentation of strategy and Netlitue onmmianonal alignment and communication.

Mans organizarions are aceclerating the benefins frae theie Bikinced Scoreeard by uxing enabling echnology 1o
facilitue their Bakunced Scorecird management process, Jan organization is 1o caprure the full pummﬂ of the
Ralaneed Scorecird management system, the enablingr technology it implements should suppaort the requirements of
the desitad management process. 1 the vlements of the nunagement process are nal reflected e application, the
resulting process will be sab-opimal. Careently, many software vendors are oftering applicatinns tha bear the name
Balanced Scoreeard. Some of these apphientions support a stategic management process, while others do nov This
has made the Balinced Scorecand technology marketplace confasing for porential buvers,

Vo facilitate consisent and appropeiae use of the Balanced Scorecarsd plobally, a need has arisen for harmonization
and xandardization of the mulmdul-w\ ol the Balinced Scorceard ax envisioned by the erentors of the concept, 13r
Robert Kaplin and Dy David Nonon. Therefore, Babinced Seorceard Collaborative, a global center of exeellenee on
all things related 1o Balaneed Scorceards, founded by Dres, Kaplan and Norton, has ereated Balaneed Scorceard
Iunetional Standards.

Balunced Sceorveard Functdonal Stadacds idendfy user requirements and needs, hased on the experience professionals
from the Balaneed Scorccard Collaburagive have Iad with more than 300 clivios, These abservadons have been
ceified in the funcdonal standatds 1o provide guidance for orgamizaions preparing o purchase a Balineed Scorceard
application and ra provide a tuncrional bascline for technology veadors developing a Balueed Scorecand applicanion.

These standards should be viewed as a minimuny threshold upon which vendors will innovare o meet any additional
requincarends of thetr market, ,

The parpose of this document i 1o provide an overview of Balinesd Scorecard Fanettonal Xandarnds

2.0 Document References

The functional standands Ested below are hused on the pablished methodologe of D, Kaplan and Nogron and the
expertise of the stafl of Balinced Scotecard Collsborative. For more information aboat the methodologn behind the

stanchards, and the best-in-chiss applicarion of Balaneed Scorceard methodolopy, please refor 1o the follswing
documents:

“Linking the Balaneed Scovecard to Stvatees™ o Califpinia Masagenent Review, by Rohert S0 Kapla and David P,
Naortan, Octaber 1996, :

Adurreamts Tl Tlvmend Rerapoaed vone dacnds »r\ad 104 avacnre Boadh cnescar s tragy ’M«mn searsarved aosad il descare off
furure poerformunce. Many managers believe they are using a Balineed Seorecard sehen they supplement isaditional
Fnpncial muasures with generie, non-fnancial measures abour castomers, processes, and enplovees. But the bese
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Balanced Scorecards are mare than ad hae collecdons of Rnancial and non-financial mueasures, The obweerives and
measnres on a Balanced Scorecard should be derived from the business unit's strategy, A seorecard should conain

e s

ourcome measures and the performance deivers of those outcomes, linked together fa cause-and-effeet relarionships.

Balanced Scorecard: Translaong Sirategy into Action, by Robere 8, Kaplan and David P, Novton J farvasd Basiness
School Press, 19963,

Abstract: The Balanced Scerceard manslares a company's viston and stratepy fnro a coherent ser of petformance
measures. The four perspeetives of the seorecard—Tnancial measares. customer knowledee, interaal bustness
processes, and keamiog and growih-—ofTer a hilance beoween shor-term and long-teroy objecdves, berwern ourcomes
desired and porformunce detvess of those outcomes, and berween hand objeetive measuves and softer, more subjective
measores. In the first part, Kaplan and Norton provide the theoretieal foundions for the Balaneed Scoreeard: in the
secomd part, they deserihe the seeps< organizations muxt take w baikd their own Scorceards: and, finally, they diseoss
how the Balnced Scorceard can be used as a driver of change.

"Using the Balneed Scorveard as o Straregic Management Syseem™ 0 Hassrd Beewlvesr Revéews, e Roberns S, Kaplan and
David P Noarron, Jannary 1996,

Absitset: Ax companies transform themselves o compere in the workd of informarnion, thetr abiline 1o exploir
“intangible assers i becoming more decisive than thedr abiline 1 manape physical assers, Several vears ago, Roberr 8,
Kaplw and David P Norton introduced the batanced scorecard, which eaabled companics o tesck finaneial

vesults while moaitoring progress i building the capabilitivs they would need for growth, Recendy, some companies
have gone further and discovered the scorveard’s value as the cornerstone of @ aew sratvgte manzgement svstem,
Tradiional management systems relv on linaacial measares, which bear linde relation 10 progress m achioving long-
term strategic objectives, The scorecard taroduces four now processes thac help compaoies conneet long-lerm
abjectives with shott-tern actions.

"Parting the Balanced Scorecand 1o Wark" i Harvand Bavivee Resden by Roborr X Kaplan and David P Naorian,
Seprember TO0%,

Abstracn Tn an carlior. roundbreaking artick, "Balinced Scorecard — Moeasures That Drive Performance”, the authoss
proposed a new measurement svstem that provided managers with a comprehensive framework ro tranxkue a
compam’s straregic objeetives into & coherend ser of performance measares, Now the authors show how severl
companies are putting the balanced seorcenrd 1o work, Effeatve masurement, the awnhors point ont, must e an
nregrad part of the management process. Much more than o measurement exerctse, rhe balunced svorecand is a
managenent syseem thac can maogvate breakthrough improvements i such ernieal arcaz a3 producr, process,
curtomer, and market development. Several examples—Rockwater, Apple Compurer, and Advanced Micro
Pevices—illusgtrate how the seovecasd cambines measurement and management in different companies. From

the t‘x?&cricnccs of these companics and others, the authors have found thar the balanced scorceard ts most successful
whent it is used 1o drive the process of chaonge.

The Balanced Scorceard: Measares That Drive Paformancee” tn Harvend Busin
Pavid I Norton, Jaunary 1992,
Abstract: During a vear-long research project, the zuthors developed a "balanced scorecard” performance
HED. i ] ]

weasurement sy<tem that allows exceutives to view 2 company from seveal perspeatives simabtancousty, The
scorecard includes financial measures that reveal the resulis of actions already ke, as well as three sets of
vrgmeren bt onal v eniraaas $har clhoee st o tte Foories, Sataenal grosmicsesie, andd ddn oeaneantiante nlulice ro Loasa and

¥ . Ll M Y. . ‘
improve. Creating 2 balanced seorceasd requires nanshiing s company's steategy and mission stateonent into speeific

goals and measures, Managers then tack these measures as they work toward their goals,

i Resien by Robert 8, Kaplan and
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3.0 Definitions
ot the purpose of this document, the following definitions apply:

Balued Saarvard s a multi-dimensional framework ereased Iy Dr. Robert Rapho and Dr. David Norton thar uses
measurentent (o describe an organization’s steegy (we referenees (o l\rtxtmn 205

Badased Scarecard Applicarion vefors 1o any software package which uses the methodology of s Norton and Kaplan 1o
facilitae statepie dectston-making ustngr the Balinced Scorecard methodology, or me package which ases the rerm
"Balanced Scorrcard” in its markeri Ting mmcml ditle, or external conymunications.

Standads ax defined 1 this document refer only 1o the funcriionaline ot the sofia are package ax i rebes 1o dhe

Balaneed Scorecand methodology. This sandard does not specify any technologye solutions, sefer 1o scalability of the

solution, v discuss interconnecdvity of the package with vther svsteos,

Baineed Sewrvcard Metioda;
indtisdly defined by Drs,

refurs, in the contest of dhese stadards, ro the Balineod Scorecard methodnlogy as
.lpl.m and Norron and as currenthy pracriced by Balaneed Scorceard Colliborarve, The

nwrhmlnlagn ix under continual devclopment, and the standards will evobve ro refleet current best practices angd
thought leadership i the Balanced Scorvecard concept.

4.0 Balanced Scorecard Collabotative

Baltnced Scorceand Collaborative, Ine. facilinates the worldwide awareness, use, ealancemenn, and imegring of the
Balinced Seoreeard ag a valueadded management process. The Collaboraive ofters a vaviony of edueation, ieaining
researeh, and develaprment services destgned to share best praciiees o achicve boese resades, Founded and managed by
Balanced Seoreeard creators Drs. Robent Kaplan and David Norton, the Collabaradve provides organizaions andd
individuads with 2 global center of excellence and expertise on all things related o Balaneed Seorccards.

5.0 Basic Functional Requirements for Balunced $corccard Applications

Balaneed Seorceard applicitions must be able 1o Gacilicue sunagemenr of the orpanzzanon shroneh the Balineed
Scorecard methadolom as documented in the lirettare above and as practiced by Balwneed Scorevard Collaboraive,
The standards as audined below fepresent e midmum funcionalin for z Balanced Scorccard svstam. Sotiware
providers are encouraged ro difivrentiace their producrs beyond the minimuom srandards oatined below,

The stadaeds dacumentazion has heen divided into four sections:

The application should he able 1o flexibly accommodate the basic elemeats of @ proper Balanced Scorceard desipn.
The lpplu ation st be able 1o {1 view “the sizategy From fonr perspoctiyes Hrancial, ausromer, internal, and
Tearpingg), {23 whenafy strategic nb]vcm es for cuach pc"xpvcm v, {3; assoctite measures with xntegie objectives, (4 link
Rtraregic obicetives in cause and effeer refationships, {31 assign [rEers 1o measures

By L.

, o 4 disr smregde inditatives,

One of the key reasons {or implementing o B.\l anced Scorceard software soladon i the faciliation of strasepic
education and communication. Thercfore, 4 cenified applicaton will enable users o document and communicare

e L e e s . v
Muscaipraiiesn sl wluaiine oy sreacsonsg e e sand baadads e sdigoran ad bl b vy,

94




NCED Budosord Soavcnond Dpncttoned Standard:
ECARD Kobogir 1ALy
RATIVE . i oo

Tnitiatives fdiscretionary investent progeans) are the cesting prounds for the strategy expressed i the Balanced
Scorceard. Therefore, a contified apphication must make explicit the relarianship berween initiarives required o achieve
ihe steategy and the assoctated straregic objective,

Through propet svsrem dhesign, the feedback eyele time Tor pumagensent information can e significandy reduced,
Analysis of the measure rosubis against argers will allow avanagers 1o vaderstaad whick areas of the organizanion
requive further aemion. However, the system shoald por override the pudgment of a sentor exceutive — the Balineed
Scorecard system should rely on baoth objective and subjeaive juduments, as well as graphical wdicators, o

report on progress of a particalar measure againse s fargen These dedpr principles are oarhined i greater derail ia
the text daar follows,

As of September 30,1999, Balaneed Scorecard Collaborative considers these the minimum Tunctional saandards that a
Balanced Scoreeand application shouhl have in onder o relkeet the methodolow endorsed by Balineed Scoteeand
Collaborative, Rekease Lo, published on May 5, 2000 includes minor madificarions that do not afiver the substanee
of the fimctional stndards,

5.1 Balanced Scorccard Design

A certified Balanced Scorceard application will accommodare the basic chemenis of a properBalinced Scovceard
dexipn. Naming conventions may difter, bor the dexign structure of certitied applications must include the following
six features: {see Figure 1, Basic Balanced Scorceard Design, for an example?

C Perspreeiivies
A perspeetive s a component into which the strregy i decomposed 1o deive implementation. Typteally, there are
four perspectives; financial, costomer, internal and karaing and prowih. Others may be added or replice rhese based
on a specific strategic necd. A perspective i a major clement of the straregy ofton representing a staheholder citepany
or point of view. Certified applications will include ar ease four hasie perspeetives {financial, casrormer, internal
processes, learning and growrh) and have the abiline 1o rename perspectives at the user's opaon,

2 Obiegrives

An obicctive it a gtarement of srutepic tntent, An objeerive sires how a strategy will be made operationsl, Generally,
the objectives form the building blochs for the overall steategy of the ononizaton. Certfied applications will allow
serategic objeaives to be aligned with w Teast one perspeciive.

’i ﬁ I SIS

A muasure is a performance merrie thae will vellecr progress agatast an objectis e A measire st be quantifiable. The
measnres communicate the speciiic behavior reynired 1o achicve the objective and beeome the actionabk: statement
of low the stratepic objeerive will he accomplished. Leading measures are prediciors of futare performance, while
Ligging measures are nurcomes. A certified application will allow a reasonable number of measuses explicity inked to
ar least one nhjecrive., ‘

A gt 35 a quantifiable goal for each measure, The set of argzets found on the Balaneed Scorceard leeome the
overall gouls of the organization. Tanres create opportunity 10 succeed, help the organistion monttar progress
won s gt goats, and wosnouiivae vapeataduns, Soead@osd apgplivaion w i allow spuaradiiulsle g wish a

specified dmeframe,

95




Objecuives are related 1o one another through cause and ctffeer reluionships. The caase and effear linkages are similar
160 "if-then” statements. For example, 7an airline deceeases the on-ground mra-around tine {obieenive 13, sher the
airtine will reguire fewer planes (objeaive 23 ard customers will be more sadisficd swirk on-rime ke off fobjective A
and corporate profirabitiny will increase fobjeerive 41 These eause and effeer linkages shoukl be explicit, A certified
application will allow objeenives ro be linked and graphically tepresented on-sereen as a series of canve and effee
Hnkages {stratege mapl. The kakages shonld be abke 10 be easilh changed and edited ax appropriate.

Sreategic indtiatives are those action programes fdiscrotionary inyestmenrs or projeets) that deiy e sttepic performance.
These are the acticines thar groaps will focas on 1o eaxure attainment of smareagte resehs, M nstanves underyoay inan
orgamzation should be aliomed with the siratepy in e Balinced Scoreeand. X compliom package wili allow: for a ser
of steaterde intatives 10 be Bnked tooaneass ooe obeetive, ‘

5.2 Straregic Education and Communication

Certificd apphanions must inchade the following functionalin:

The sty kev elements of the Balanced Seorecard (porspectives, objeetives, mensures, targers, bakages and widarives!
are tpieatly defined in prearer levdls of detail, For dnstance, oo may Te further defined throagh a sentence or rwo
deseribing the srrvegic sivaation or tssue, Adraswns aid fasy

doare tvpically broken dowa into formalas, units of
measiire, frequency of wporing, rrget owner, soporting responsibility, data sources, tireer effeetve dare, amd e
hisrory, Jaid tiver also reguire greater deseription such as imehnu, resources, budper, bonelirs, and risks, Such
documentatian is imyporian to users to cosure consisteney and repeatabiline of reporting and 1o caprare the seraregic
intent of cach clement. Cortificd applications will facilitare the documenimion of gualitive deseripions of cach
clentent of the Balanced Scorecard,

5.3 Business Exccution

Stearegic nitarhves are

such as tratning, advertsiog, reengeineerianr and others tha are put in place o make the steteey happen, Thee muse be
h as training, advertisiog, s e anid vthers that are put i av hapy 5

monitored on a continnous bastx 1o insure dhar they are being implemenied as planned and producing the desited
resulis, A sreategie indtiative should be explicidh linked or mappoed o achieoving vac or more stratepic obicerive
Certitied applicstions shonkd be able o display macching nviatves and objraives aud shauld

allow mnittatives 1o be fed to more than ane stratepic objectves, MReference Figure T Tor examplke:

5.4 Feedback and Learning

Base Weeed reporting includes repaorting of performancd data for cach measure, hstorieal performance against tinpats
and maultiple reporing views are desirable Tearurves, Cortitied apphcations should be alble o displane carrent
! 1 & O Pt

peribrmance data for cach measare,

Si

e oo wivlion wbivth v ve st womsvaimer 1o v seneh o onaviiog w e nawns whiivaand, T aneh !4"\ wornmage s nhi van
subjeetively anahae the daae The subicarive porformance assessments should alke be hacked up by o memp-style
gualitative acsessment of the exrernal o nrerasd viriables underbving the assessmenr, Cenified applications will
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permit subjective assessments of performance (e, rod, vellow, green aswell s memo-syle guadica e deseriptinas

of perfotmance.
Misualt Sraras Tndiewrors

Fach clement of the scorceard must have a visual indicaror of petfommance stan, eg., green or a plos sign i a
measure or objuctive i on plan, red or 2 minus sign i behind plan, Contified applications will praphically display
performance against rgers inan casv-to-comprehend format, and will allow for modification oy suir individual end-

uscr neveds,
6.0 Conclusion

{ris anncipared thar by following these guidelines softw are developers will he able o develop Balaneed Scorceard
applications, whicl enable axers ro captare the benetie of the Bakinced Seorceard numagemenr systenn, Buvers of
Balwnced Scorecard applications will also henetin, as they will be able ro leverage e eapertise of Balanced Scorecard
Collaborative and numeroas suceessful organizations, ax expressed i these stumlards, so acleecappropeae Balaneed

Seorccand saftware thae

will mycet dieir needs,

Figure 1: Basic Scorecard Design {Example)
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Appendix 7: Contact Information for Software Packages

Active Strategy

Michael Brazukas

Director of Marketing

Active Strategy, Inc.

(610) 239-8517
brazukas@activestrategy.com

www.activestrategy.com/software/enterprise.html

Open Ratings

Bruce Thomson

Authorized Agent for Open Ratings, Inc.
5 Star Partners

(847) 612-0030
brucet(@>5starpartners.com

www .openratings.com/capabilities/spimpact/

Panorama Business Views

David L. Parks

Sales Manager

Panorama Business Views (USA)
(888)241-4201 or (416) 525-3700 (cell)
dparks@pbviews.com

www.pbviews.com/products/features/features.asp
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